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 No.    Name  City  State Info TYPE 

1 Litovitz,
Theodore 

 PhD, Physics Catholic University Presentation used at Congressional Staff Briefing  

2    Pathophysiology, March 2009 Journal articles 
3  Hillman,

Donald  
PhD 
Animal Science 

East Lansing  MI  
Analysis of RF in home  

Affidavit 

4 Tully, Lisa  PhD  Toxicology and 
Pharmacology 

Boulder CO  
Developing EHS test 

Affidavit 

5 Schou, John  PhD 
Agronomy  Researcher 

Cedar Falls  IA EHS symptoms  wife had to move to WV Affidavit 

6  Schou,
Diane  

PhD  Industrial 
Technology 

Green Bank  WV Industrial Technology 
Severe EHS had to move to WV  husband in IA 

Affidavit 

7  Bruno,
William  
 

PhD, Physics  
Researched at Los 
Alamos 

Santa FE NM Severe symptoms 
Comment in NAS record 

Affidavit 

8  Dauble,
Janet 

Non-profit organization  Frazier CA MCS EHS support group founder   increase in 10 
yrs 

Affidavit 

9  Carney,
Deborah  

JD.  
BA-Human Biology 

Golden CO EMRPI VP CARE counsel 
Research subject 

Affidavit 

10 Fox, Nicols Journalist 
 

Renick WV Documents severe EHS moved from ME to WV Affidavit 

11  Kleiber,
Daniel 
 

Farmer  beekeeper Waterloo WI Type 1 diabetic  documented insulin effects Affidavit 

12  Kleiber,
Catherine  
 

BA in biological science Waterloo WI Severe microwave sickness 
Dirty power and RF reactions 
Young children react as well 

Affidavit 

13  Savarin,
Evelyn 
 

 Hampton NH EHS from education exposure 
Documents with own meters 

Affidavit 
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13B  Gherzi,
Alex 

Savarin’s landlord Hampton NH Landlord to Savarin   child can now sleep with 
WiFi off 

Affidavit 

14  Hurston,
Ronald 

M.D. Wayland, MA “It invites potentially tragic public health 
consequences.” 

Affidavit 

15  Patton,
Margaret 
 

2-time cancer survivor Wayland MA Close to tower   long legal battles to enforce 
zoning 

Affidavit 

16  Ide, Judith
 

Concerned citizen Wayland, MA Close to tower   long legal battles to enforce 
bylaw 

Affidavit 

17  Lettieri,
Linda 
 

Liver cancer survivor Fishkill NY Had to leave job because cell tower was erected 
there 

Affidavit 

18  Pape,
Beverly 
 

Breast cancer Dallas TX Still in treatment for cancer 
EHS headaches cognition 

Affidavit 

19  Kayda,
Valetta 
 

2 brain tumors Kelso WA Tumor treatment caused EHS 
Moved 3 times already 

Affidavit 

20  Singer,
Katie     

EHS 
Reproductive health 
educator 

Santa Fe, NM Written 2 books on reproductive health    has 
severe symptoms herself 

Affidavit 

21  DiGennaro
JoTina 
 

Substitute teacher 
Husband has prostate 
cancer 

Bayville NY Water tower antennas  
50 ft from school 
deed covenant violated 

Affidavit 

22  Perrin,
Madeleine 
 

Mother of 2 young kids Bayville NY Can’t get kids into another school  tower 50ft 
away 

Affidavit 

23  Rollans,
Marian & 
James 

Farmers  39 years Mt. Ulla NC Fighting broadcast towers 
3 cell towers close by 
EHS symptoms 

Affidavit 

24  Webster,
Betsy 

Concerned parent Mt. Ulla NC Fighting broadcast proposal 
15 towers already nearby 

 

25 Davis, Ruth EHS sufferer Ouray CO Notarized version to follow Affidavit 
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26  Hinson,
Katherine 
 

Mother 15yr 13yr boys 
EHS 

Plymouth VT Left GA for boys’ health Affidavit 

27  Russo,
Kristin 
 

Mother of 3 kids Burlington MA Water tower antenna at school 
Moved recently to avoid 

Affidavit 

28  Clark,
Gayle   

mother 
14 yr old son 

Sedgwick KS WiFi at school and work 
Tower proposed near home 

Affidavit 

29  Hackett,
Lucy   

EHS 
Injury began in college 

South Bend, IN Difficulty finishing degree 
Antennas close to home and family now 

Affidavit  

30  Danner,
Ruth 

 Juneau AK 2 WiMax towers proposed 
4 co-locators proposed at church with daycare 

Affidavit 

31  Bubnis,
Michelle 
 

EHS  neighbor’s WiFi Austin TX many antennas  
One at church  can no longer attend 

Affidavit 

32  Zack,
Corina 

Concerned citizen Arlington Heights, 
IL 

Antenna in church across the street from home Affidavit 

33  Reilly,
Sarah   

MCS EHS 
 

Fairfax, CA Has to move often 
2003 WiFi brought it on 

Affidavit 

34  Frumberg,
Maria 
 

EHS  Dr. Rea :letter Plano, TX Had to drop wireless TV access  
Letter from city shows no concern about WiFi 

Affidavit 

35  Ordogne,
Kimberly   

EHS Plano, TX Had to leave home  Citywide WiFI 
No sympathy from city 

Affidavit 

36 Feudale,
Elizabeth   

 MCS EHS 
Allergies  immune 
problems 

Allentown, PA Cell towers nearby  cannot tolerate home 
electronics 

Affidavit 

37  Olson,
Veronica 

Concerned parent Plano, Texas Concerned about citywide WiFi exposure to 
children 

Affidavit 

38  Hillman,
Howard 

Concerned citizen Plano, Texas Concerned about citywide WiFi exposure to 
children and immune-compromised people 

Affidavit 

39  Flynn,
Angela  

EHS came at 
job training near 

Bethseda, MD Moved to ease exposure  EHS symptoms are 
Sleep muscle aches cognition 

Affidavit 
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antennas 
40 Lizik, Kyrie   EHS Washington County 

WI 
Smart meter aggravates 
Cannot use library – WiFi 

Affidavit 

41  Barris,
Elizabeth    

EHS  documentary film 
maker 

Santa Monica CA Airport exposure an issue 
Must travel for work 

Affidavit 

42 Avola,
JeanMarie 

 Concerned parent Stoneham MA Cell towers and WiFi in and near children’s 
schools 

Affidavit 

43 Kelley,
Elizabeth 

 Bioelectromagnetics 
Society member 

Tucson ARIZ Cell towers and WiFi in neighborhood 
Son’s school has WiFi 

Affidavit 

44 Boca Raton,
Florida 

 States of Colorado and 
Connecticut, Los 
Angeles County 

Portland, Oregon 
Los Angeles public 
school district 

US states and municipalities are calling for 
revision of Section 704 

Proclamations and 
Resolutions 

45  National
Academies 
of Science 

January 2008 Report  Identification of Research Needs Relating to 
Potential Biological or Adverse Health Effects of 
Wireless Communication Devices (NAS Report) 

Research base 
inadequate for 
today’s exposures 

46  FDA
nominates 
RF 

 To National Toxicology 
Program  

Radiofrequency Radiation Emissions of Wireless 
Communication Devices 

Research does not 
address typical RF 
exposures 

47  NTP 2005 Fact Sheet on 
RF research 

US federal 
government 

Underscores inadequacy of research upon which 
US RF safety limits are based 

 

48  Carpenter, 
MD, Sage, 
Cindy 

The BioInitiative Report www.bioinitiative.o
rg  

A Rationale for a Biologically-based Public 
Exposure Standard for Electromagnetic Fields 
(ELF and RF) 

On-line meta-
analysis of EMR 
research 

49 & 
50 

Carpenter 
and Sage 

Reviews in 
Environmental Health 

Peer-reviewed 
Scientific journal 

“Setting Prudent Health Policy for 
Electromagnetic Exposures” 

Journal article 

51 Horst Eger,
Klaus Uwe 
Hagen, 
Birgitt 
Lucas, Peter 
Vogel, and 
Helmut Voit 

 Umwelt·Medizin·Gesell-
schaft 17,4 2004, 

Research requested 
by German federal 
government 

“The Influence of Being Physically Near to a Cell 
Phone Transmission Mast on the Incidence of 
Cancer”  

Peer-reviewed 
Journal article 

52 Carpenter Amicus brief and Review research warn of the potential health consequences for  

 4

http://www.bioinitiative.org/
http://www.bioinitiative.org/


Olden 
Grigoriev 
Havas 

statements on RF 
radiation and school 
children 

and existing EMR 
safety limits  

many students and staff if wireless technologies 
are deployed in their workplaces.   
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Dr. Theodore Litovitz

Director of the BioElectromagnetics Laboratory
Catholic University of America
Washington DC 20064

Biological Effects
of Electromagnetic Fields

Since 1984 the BioElectromagnetics Group has been funded by:

US Army Medical Command
National Institute of Environmental Health Sciences
EMX Corporation
McGowan Charitable Foundation
John T. LaMacchia Charitable Trust

FCC 09-31   Exhibit 1



ELECTROMAGNETIC FIELDS

BIOLOGICAL EFFECTS

HEALTH EFFECTS



HAVE ANY BIOLOGICAL EFFECTS 
BEEN OBSERVED AFTER EXPOSURE 

TO  
NON-THERMAL ELECTROMAGNETIC 

FIELDS?

Many scientific publications have 
reported non-thermal biological effects 

at exposure levels below that considered 
“safe” by most government agencies.



Biological Effects Induced by RFR 
Below Present Day Permissible Level

Standard for Cell Phone RFR   (1.6 W/kg)

How Much Below The Standard ? 

• Psychological Changes        (.03 W/kg)

• Affects Immune System       (.015 W/kg)

• Increases Calcium Efflux     (.005 W/kg)

• Induces DNA Damage          (.0024W/kg)

• Induces Stress Response       (.001W/kg)

• Affects Blood Brain Barrier  (.0004W/kg)

• Affects Calcium in Heart      (.00015W/kg)

• Enhances Cell Proliferation  (.000021W/kg)

1/50

1/100

1/300

1/600

1/1600

1/4000

1/10600

1/76000



Cellular telephone use reduces melatonin levels.
Annual Reviews of Bioelectromagnetic Research (1997)

Mobile phones modulate response of patterns of brain activity.
Neuroreport (1998)

Cancer Morbidity is increased by exposure 
to high frequency EM radiation.

Science of Total Environment (1996)

Exposure to 2450 MHz microwaves affects 
water maze learning in the rat.

Bioelectromagnetics (2000)

GSM phone radiation affects auditory brainstem response.
Neurobiology (1999)

Long term exposure to 900 MHz EM fields can 
enhance tumor incidence.   Radiation Research (1997)

Radiofrequency electromagnetic radiation 
induces DNA strand breaks.

Bioelectromagnetics (1997)



DNA Strand Breaks
Exposure to 0.6 W/Kg Cell Phone Radiation

Lai et. al. University of Washington

DNA Patterns

EM exposed cells
Strand Breaks Occur

Unexposed cells
No Strand Breaks



WHY IS THERE STILL SO MUCH 
CONTROVERSY OVER RFR 

SAFETY?

REPLICATION REPLICATION 
PROBLEMS!!PROBLEMS!!



DOES THIS REPLICATION 
PROBLEM ONLY OCCUR 

IN 
BIOELECTROMAGNETIC 

EFFECTS?

NO!
Let’s consider a problem involving 

drug toxicity.



IS DRUG X HARMFUL ?
DOES IT INDUCE DEFORMED LIMBS IN NORWAY RAT EMBRYOS?

Exp #2

0 %

0 %

NO

Exp #1

Treated 60%

Controls 8%

Teratogen ?? YES

STRAIN 
#2

STRAIN 
#1

DRUG X = THALIDOMIDE STRAIN #1 HAS A MUTANT  GENE



IS GENETICS A CONFOUNDER IN REPLICATION 
STUDIES?

EMF INDUCED ABNORMALITIES IN CHICK EMBRYOS
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Electromagnetic 
Fields
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Weak, non-thermal electromagnetic fields 
can induce biological effects.

Present day safety standards 
do not take this into account!



Weak Electromagnetic Fields Induce 
Biological Effects.

WHEN ARE THEY ADVERSE?

WHEN ARE THEY BENEFICIAL?



Everything is a poison.Everything is a poison.
It is only a question of dose.It is only a question of dose.

Paracelsus   1493 - 1541

A single 30 minute exposure to an EM field can be beneficial

The same exposure occurring daily will be detrimental 



SUMMARY

WEAK ELECTROMAGNETIC FIELDS CAN 
INDUCE NON-THERMAL BIOLOGICAL 

EFFECTS
THEY CAN BE ADVERSE

THEY CAN BE BENEFICIAL

THEY CAN BE INCONSEQUENTIAL
It is only a question of dose.

To protect public health we must determine 
the allowable dose for each of the above 
conditions.
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J.L. Phillips, N.P. Singh and H. Lai (USA): Electromag-
netic Fields and DNA damage

H.W. Rűdiger (Austria): Genotoxic effects of electromag-
netic exposure in vitro

EMF effects on the brain
H. Nittby, A. Brun, J. Eberhardt, L. Malmgren, B.R.R.

Persson and L.G. Salford (Sweden): Increased blood–brain
barrier permeability in mammalian brain seven days after
exposure to the radiation from a GSM-900 mobile phone

L. Hardell, M. Carlberg and K Hansson Mild (Sweden):
Epidemiological evidence for an association between use of
wireless phones and tumor diseases

M. Kundi and H-P. Hutter (Austria): Mobile phone base
stations – effects on wellbeing and health

L.L. Morgan: Estimating the risk of brain tumors from
cellphone use: published case–control studies

EMF in the environment
Z. Davanipour and E. Sobel: Long-term exposure to elec-

tromagnetic fields and the Risks of Alzheimer’s disease and
breast cancer: Further biological research

O. Johansson: Disturbance of the immune system by elec-
tromagnetic fields: A potentially underlying cause for cellular
damage and tissue repair reduction which could lead to dis-
ease and impairment disturbance

A.F. Pourlis: Reproductive and developmental effects of
EMF in vertebrate animal models

A. Balmori: Electromagnetic pollution from phone masts:
Effects on wildlife

P. Huttunen, O. Hänninen and R.Myllylä: FM-radio and
TV tower signals can cause spontaneous hand movements
near moving RF reflector

C. Blackman: Cell Phone Radiation: Evidence from ELF
and RF studies supporting more inclusive risk identification
and assessment

Science as a guide to public policy
D. Gee: Late Lessons from early warnings: Towards real-

ism and precaution with EMF?
C. Sage and D.O. Carpenter: Public Health Implications

of Wireless Technologies

Special Issue on EMF
Bioelectromagnetics, the study of biological effects of

electromagnetic fields (EMF), is an interdisciplinary science
with a technical literature that is not easily accessible to
the non-specialist. To increase access of the public to the
technical literature and to the health implications of the sci-
entific findings, the Bioinitiative Report was organized by
an international group of scientists and published online at
www.bioinitiative.org on August 31, 2007. The report has
been widely read, and was cited in September 2008 by the
European Parliament when it voted overwhelmingly that the
current EMF safety standards were obsolete and needed to
be reviewed.

This special issue of Pathophysiology includes scientific
papers on the EMF issue by contributors to the Bioiniative
Report, as well as others, and is prepared for scientists who are
not specialists in bioelectromagnetics. Each paper is indepen-
dent and self-contained. To help the reader appreciate how
the different subjects contribute to an understanding of the
EMF issue, the papers are arranged in groups that emphasize
key areas, and the role of science in analyzing the prob-
lem and evaluating possible solutions. The subject headings
are:

• DNA to show biological effects at the sub-cellular level that
occur at very low EMF thresholds and across frequency
ranges of the EM spectrum. Interactions with DNA may
account for many of the effects of EMF, and they raise the
possibility that genetic damage due to EMF can lead to
cancer.

• The Brain is exposed to radiation from mobile phone
antennas, and laboratory studies show that the radiation
causes leakage of the protective blood–brain barrier, as
well as the death of neurons in the brain. Radiation emit-
ted from base stations can affect all who are in the vicinity.
Epidemiological studies have shown a relation between
exposure to mobile phones, base-stations and the devel-
opment of brain tumors. Some epidemiological studies
have significant flaws in design, and the risk of brain
cancer may be greater than reported in the published
results.

• In addition to the risk of brain cancer, EMF in the
environment may contribute to diseases like Alzheimer’s
dementia and breast cancer in humans, as well as repro-
ductive and developmental effects in animals in the wild.
EMF affect the biochemical pathways and immunologi-
cal mechanisms that link the different organ systems in
our bodies and those of animals. The human body can
act as an antenna for RF signals, and a small percent-
age of the population appears to be so sensitive to EMF
that it interferes with their daily lives. In addition to the
growing presence of EMF signals in the environment, the
complexity of the signals may be important in altering
biological responses. These are among the many fac-
tors that must be considered in approaching EMF safety
issues.

• Science as a guide to public policy

Four centuries ago, when Francis Bacon envisioned a
course for modern science, he expressed the idea that knowl-
edge is power that should be applied for the benefit of
mankind. It is in keeping with that ethical standard that the last
two papers in this issue show how knowledge gained from sci-
entific research can help solve problems arising from EMF
in our environment. The first of these papers discusses the
Precautionary Principle, its growing acceptance as a rational
approach to environmental issues, and how past experience
can help us deal with the EMF issue. The second paper, by
the editors of the original BioInitiative Report, is an update
on how best to deal with the challenge of EMF in the environ-

dx.doi.org/10.1016/j.pathophys.2009.02.002
http://www.bioinitiative.org/
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ment and, specifically, the problems accompanying wireless
technologies.

We trust that the reviews and original research papers will
increase awareness of the growing impact of EMF in the
environment, and the need for modern society to deal expe-
ditiously with the potential health problems brought to light
by EMF research.

Guest Editor
Martin Blank

Physiology and Cellular Biophysics,
Columbia University, New York, USA

E-mail address: mb32@columbia.edu

22 January 2009

dx.doi.org/10.1016/j.pathophys.2009.02.002
mailto:mb32@columbia.edu
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Electromagnetic fields stress living cells

Martin Blank a,∗, Reba Goodman b

a Department of Physiology, Columbia University, New York, NY, USA
b Department of Pathology, Columbia University, New York, NY, USA

Received 30 January 2009; accepted 30 January 2009

Abstract

Electromagnetic fields (EMF), in both ELF (extremely low frequency) and radio frequency (RF) ranges, activate the cellular stress response,
a protective mechanism that induces the expression of stress response genes, e.g., HSP70, and increased levels of stress proteins, e.g., hsp70.
The 20 different stress protein families are evolutionarily conserved and act as ‘chaperones’ in the cell when they ‘help’ repair and refold
damaged proteins and transport them across cell membranes. Induction of the stress response involves activation of DNA, and despite the
large difference in energy between ELF and RF, the same cellular pathways respond in both frequency ranges. Specific DNA sequences on
the promoter of the HSP70 stress gene are responsive to EMF, and studies with model biochemical systems suggest that EMF could interact
directly with electrons in DNA. While low energy EMF interacts with DNA to induce the stress response, increasing EMF energy in the RF
range can lead to breaks in DNA strands. It is clear that in order to protect living cells, EMF safety limits must be changed from the current
thermal standard, based on energy, to one based on biological responses that occur long before the threshold for thermal changes.
© 2009 Published by Elsevier Ireland Ltd.

Keywords: DNA; Biosynthesis; Electromagnetic fields; ELF; RF

1. Electromagnetic fields (EMF) alter protein
synthesis

Until recently, genetic information stored in DNA was
considered essentially invulnerable to change as it was passed
on from parent to progeny. Mutations, such as those caused
by cosmic radiation at the most energetic end of the EM spec-
trum, were thought to be relatively infrequent. The model of
gene regulation was believed to be that the negatively charged
DNA was tightly wrapped up in the nucleus with positively
charged histones, and that most genes were ‘turned off’ most
of the time. Of course, different regions of the DNA code
are being read more or less all the time to replenish essential

Abbreviations: EMF, electromagnetic fields; Hz, hertz; ELF, extremely
low frequency; RF, radio frequency; MAPK, mitogen activated protein
kinase; ERK1\2, extracellular signal regulated kinase; JNK, c-Jun-terminal
kinase p38MAPK; SAPK, stress activated protein kinase; NADH, nicoti-
namide adenine dinucleotide dehydrogenase; ROS, reactive oxygen species.

∗ Corresponding author at: Department of Physiology, Columbia Univer-
sity, 630 West 168 Street, New York, NY 10032,
USA. Tel.: +1 212 305 3644; fax: +1 212 305 5775.

E-mail address: mb32@columbia.edu (M. Blank).

proteins that have broken down and those needed during cell
division.

New insights into the structure and function of DNA have
resulted from numerous, well-done laboratory studies. The
demonstration that EMF induces gene expression and the
synthesis of specific proteins [1,2] generated considerable
controversy from power companies, government agencies,
physicists, and most recently, cell phone companies. Physi-
cists have insisted that the reported results were not possible
because there was not enough energy in the power frequency
range (ELF) to activate DNA. They were thinking solely of
mechanical interaction with a large molecule and not of the
large hydration energy tied up in protein and DNA structures
that could be released by small changes in charge [3]. Of the
biologists who accepted such results [4], most thought that
the EMF interaction originated at, and was amplified by, the
cell membrane and not with DNA.

It is now generally accepted that weak EMF in the power
frequency range can activate DNA to synthesize proteins.
An EMF reactive sequence in the DNA has been identified
[5] and shown to be transferable to other gene promoters
[6]. This DNA sequence acts as an EMF sensitive antenna

0928-4680/$ – see front matter © 2009 Published by Elsevier Ireland Ltd.
doi:10.1016/j.pathophys.2009.01.006

dx.doi.org/10.1016/j.pathophys.2009.01.006
mailto:mb32@columbia.edu
dx.doi.org/10.1016/j.pathophys.2009.01.006
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Electromagnetic fields and DNA damage

J.L. Phillips a,∗, N.P. Singh b, H. Lai b

a Department of Chemistry, University of Colorado at Colorado Springs, Colorado Springs, CO 80918, USA
b Department of Bioengineering, University of Washington, Seattle, WA 98195, USA

Received 24 October 2008; received in revised form 16 November 2008; accepted 16 November 2008

Abstract

A major concern of the adverse effects of exposure to non-ionizing electromagnetic field (EMF) is cancer induction. Since the majority of
cancers are initiated by damage to a cell’s genome, studies have been carried out to investigate the effects of electromagnetic fields on DNA and
chromosomal structure. Additionally, DNA damage can lead to changes in cellular functions and cell death. Single cell gel electrophoresis, also
known as the ‘comet assay’, has been widely used in EMF research to determine DNA damage, reflected as single-strand breaks, double-strand
breaks, and crosslinks. Studies have also been carried out to investigate chromosomal conformational changes and micronucleus formation
in cells after exposure to EMF. This review describes the comet assay and its utility to qualitatively and quantitatively assess DNA damage,
reviews studies that have investigated DNA strand breaks and other changes in DNA structure, and then discusses important lessons learned
from our work in this area.
© 2009 Elsevier Ireland Ltd. All rights reserved.

Keywords: Electromagnetic field; DNA damage; Comet assay; Radiofrequency radiation; Cellular telephone

1. The comet assay for measurement of DNA strand
breaks

DNA is continuously damaged by endogenous and exoge-
nous factors and then repaired by DNA repair enzymes. Any
imbalance in damage and repair and mistakes in repair result
in accumulation of DNA damage. Eventually, this will lead
to cell death, aging, or cancer. There are several types of
DNA lesions. The common ones that can be detected easily
are DNA strand breaks and DNA crosslinks. Strand breaks in
DNA are produced by endogenous factors, such as free radi-
cals generated by mitochondrial respiration and metabolism,
and by exogenous agents, including UV, ionizing and non-
ionizing radiation, and chemicals.

There are two types of DNA strand breaks: single- and
double-strand breaks. DNA single-strand breaks include
frank breaks and alkali labile sites, such as base modifica-
tion, deamination, depurination, and alkylation. These are
the most commonly assessed lesions of DNA. DNA double-
strand breaks are very critical for cells and usually they are

∗ Corresponding author.
E-mail address: jphillip@mail.uccs.edu (J.L. Phillips).

lethal. DNA strand breaks have been correlated with cell
death [1–5], aging [6–8] and cancer [9–13].

Several techniques have been developed to analyze single-
and double-strand breaks. Most commonly used is micro-
gel electrophoresis, also called the ‘comet assay’ or ‘single
cell gel electrophoresis’. This technique involves mixing
cells with agarose, making microgels on a microscope slide,
lysing cells in the microgels with salts and detergents,
removing proteins from DNA by using proteinase K, unwind-
ing/equilibrating and electrophoresing DNA (under highly
alkaline condition for assessment of single-strand breaks or
under neutral condition for assessment of DNA double-strand
breaks), fixing the DNA, visualizing the DNA with a fluores-
cent dye, and then analyzing migration patterns of DNA from
individual cells with an image analysis system.

The comet assay is a very sensitive method of detect-
ing single- and double-strand breaks if specific criteria are
met. Critical criteria include the following. Cells from tis-
sue culture or laboratory animals should be handled with
care to minimize DNA damage, for instance, by avoiding
light and high temperature. When working with animals
exposed to EMF in vivo, it is better to anesthetize the animals
with CO2 before harvesting tissues for assay. Antioxidants

0928-4680/$ – see front matter © 2009 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.pathophys.2008.11.005

dx.doi.org/10.1016/j.pathophys.2008.11.005
mailto:jphillip@mail.uccs.edu
dx.doi.org/10.1016/j.pathophys.2008.11.005
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Genotoxic effects of radiofrequency electromagnetic fields
Hugo W. Ruediger ∗

Division of Occupational Medicine, Medical University of Vienna, Waehringer Guertel 18-20, Berggasse 4/33, 1090 Vienna, Austria
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Abstract

101 publications are exploited which have studied genotoxicity of radiofrequency electromagnetic fields (RF-EMF) in vivo and in vitro.
Of these 49 report a genotoxic effect and 42 do not. In addition, 8 studies failed to detect an influence on the genetic material, but showed
that RF-EMF enhanced the genotoxic action of other chemical or physical agents. The controversial results may in part be explained by the
different cellular systems. Moreover, inconsistencies may depend from the variety of analytical methods being used, which differ considerably
with respect to sensitivity and specificity. Taking altogether there is ample evidence that RF-EMF can alter the genetic material of exposed
cells in vivo and in vitro and in more than one way. This genotoxic action may be mediated by microthermal effects in cellular structures,
formation of free radicals, or an interaction with DNA-repair mechanisms.
© 2009 Elsevier Ireland Ltd. All rights reserved.

Keywords: Gene mutations; Cytogenetic effects; DNA fragmentation; Mechanisms of genotoxicity

1. Introduction

Alterations of genetic information in somatic cells are
the key event in the process of carcinogenesis [1,2]. Con-
sequently any agent, which has a genotoxic attribute is
suspected also to be cancerogenic. This is the driving force
behind the multitude of studies on genotoxicity of radiofre-
quency electromagnetic fields (RF-EMF), conducted so far. A
total of 101 publications on genotoxicity studies of RF-EMF
are exploited here, of which 49 report genotoxic effects, sub-
sequently marked as GT(+) (Table 1), 43 do not (Table 2), and
9 find, that RF-EMF do not induce genotoxic events by itself
but enhance the genotoxic action of other physical or chem-
ical agents (Table 3). Thus, in contrast to several reviews in
the past [3–6], it now became evident that non-thermal geno-
toxic effects of RF-EMF is convincingly demonstrated by
a substantial number of published studies. The studies have
been performed with a variety of different test systems –
some studies used more than one test system – which will be
assigned here to the three principle endpoints of a genotoxic
action: (1) effect on chromosomes, (2) DNA fragmentation,
and (3) gene mutations.

∗ Tel.: +43 1 9582908.
E-mail address: hugo.ruediger@meduniwien.ac.at.

2. Effect on chromosomes

This group comprises the analysis of numerical or struc-
tural anomalies of metaphase chromosomes (CA), sister-
chromatid-exchanges (SCEs), and formation of micronuclei
(MN). Of the 21 studies using CA, 9 are CA-positive, 11
CA-negative, and 1 reports an RF-induced enhancement of
genotoxicity by X-rays. In general proliferating cells are
required for the study of chromosomal effects, however,
micronuclei have also been analysed in polychromatic ery-
throcytes and in exfoliated cells, for instance from buccal
smears [7,8]. Moreover, aneuploidy rates of distinct chro-
mosomes as well as chromosomal translocations can also
be studied in interphase nuclei using fluorescence in situ
hybridization (FISH). While structural aberrations detected
by conventional CA are mainly lethal to the cell, translo-
cations are persistent and may be passed to the cellular
progeny. Using FISH increased levels of aneuploidy of chro-
mosome 1, 10, 11, and 17 have been reported in human blood
lymphocytes after RF-EMF exposure [9]. In metaphase chro-
mosomes FISH may increase the sensitivity of chromosomal
analysis [10] but this has only once been used for RF-EMF
studies [11].

CA brings about to detect a variety of chromosomal aber-
rations. In contrast, micronuclei originate only from acentric
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Abstract

During recent years there has been increasing public concern on potential cancer risks from microwave emissions from wireless phones.
We evaluated the scientific evidence for long-term mobile phone use and the association with certain tumors in case–control studies, mostly
from the Hardell group in Sweden and the Interphone study group. Regarding brain tumors the meta-analysis yielded for glioma odds ratio
(OR) = 1.0, 95% confidence interval (CI) = 0.9–1.1. OR increased to 1.3, 95% CI = 1.1–1.6 with 10 year latency period, with highest risk for
ipsilateral exposure (same side as the tumor localisation), OR = 1.9, 95% CI = 1.4–2.4, lower for contralateral exposure (opposite side) OR = 1.2,
95% CI = 0.9–1.7. Regarding acoustic neuroma OR = 1.0, 95% CI = 0.8–1.1 was calculated increasing to OR = 1.3, 95% CI = 0.97–1.9 with
10 year latency period. For ipsilateral exposure OR = 1.6, 95% CI = 1.1–2.4, and for contralateral exposure OR = 1.2, 95% CI = 0.8–1.9 were
found. Regarding meningioma no consistent pattern of an increased risk was found. Concerning age, highest risk was found in the age group
<20 years at time of first use of wireless phones in the studies from the Hardell group. For salivary gland tumors, non-Hodgkin lymphoma
and testicular cancer no consistent pattern of an association with use of wireless phones was found. One study on uveal melanoma yielded for
probable/certain mobile phone use OR = 4.2, 95% CI = 1.2–14.5. One study on intratemporal facial nerve tumor was not possible to evaluate
due to methodological shortcomings. In summary our review yielded a consistent pattern of an increased risk for glioma and acoustic neuroma
after >10 year mobile phone use. We conclude that current standard for exposure to microwaves during mobile phone use is not safe for
long-term exposure and needs to be revised.
© 2009 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

During the last decade there has been a rapid development
of wireless technology and along with that an increased use
of wireless telephone communication in the world. Most per-
sons use mobile phones and cordless phones. Additionally
most populations are exposed to radiofrequency/microwave
(RF) radiation emissions from wireless devices such as cellu-
lar antennas and towers, broadcast transmission towers, voice
and data transmission for cell phones, pagers and personal
digital assistants and other sources of RF radiation.

Concerns of health risks have been raised, primarily an
increased risk for brain tumors, since the brain is the near field

∗ Corresponding author.
E-mail address: lennart.hardell@orebroll.se (L. Hardell).

target organ for microwave exposure during mobile phone
calls. Especially the ipsilateral brain (same side as the mobile
phone has been used) is exposed, whereas the contralateral
side (opposite side to the mobile phone) is much less exposed
[1]. Thus, for risk analysis it is of vital importance to have
information on the localisation of the tumor in the brain and
which side of the head that has been predominantly used
during phone calls.

Since Sweden was one of the first countries in the world
to adopt this wireless technology a brief history is given in
the following. First, analogue phones (NMT; Nordic Mobile
Telephone System) were introduced on the market in the
early 1980s using both 450 and 900 Megahertz (MHz) carrier
waves. NMT 450 was used in Sweden since 1981 but closed
down in December 31, 2007, whereas NMT 900 operated
during 1986–2000.
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Abstract

Studying effects of mobile phone base station signals on health have been discouraged by authoritative bodies like WHO International EMF
Project and COST 281. WHO recommended studies around base stations in 2003 but again stated in 2006 that studies on cancer in relation to
base station exposure are of low priority. As a result only few investigations of effects of base station exposure on health and wellbeing exist.
Cross-sectional investigations of subjective health as a function of distance or measured field strength, despite differences in methods and
robustness of study design, found indications for an effect of exposure that is likely independent of concerns and attributions. Experimental
studies applying short-term exposure to base station signals gave various results, but there is weak evidence that UMTS and to a lesser degree
GSM signals reduce wellbeing in persons that report to be sensitive to such exposures. Two ecological studies of cancer in the vicinity of
base stations report both a strong increase of incidence within a radius of 350 and 400 m respectively. Due to the limitations inherent in this
design no firm conclusions can be drawn, but the results underline the urgent need for a comprehensive investigation of this issue. Animal
and in vitro studies are inconclusive to date. An increased incidence of DMBA induced mammary tumors in rats at a SAR of 1.4 W/kg in
one experiment could not be replicated in a second trial. Indications of oxidative stress after low-level in vivo exposure of rats could not be
supported by in vitro studies of human fibroblasts and glioblastoma cells.

From available evidence it is impossible to delineate a threshold below which no effect occurs, however, given the fact that studies reporting
low exposure were invariably negative it is suggested that power densities around 0.5–1 mW/m2 must be exceeded in order to observe an effect.
The meager data base must be extended in the coming years. The difficulties of investigating long-term effects of base station exposure have
been exaggerated, considering that base station and handset exposure have almost nothing in common both needs to be studied independently.
It cannot be accepted that studying base stations is postponed until there is firm evidence for mobile phones.
© 2009 Published by Elsevier Ireland Ltd.
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1. Introduction

Modern mobile telecommunication is based on a cellular
system. Each cell is covered by a base station that keeps track
of the mobile phones within its range, connects them to the
telephone network and handles carry-over to the next base sta-
tion if a customer is leaving the coverage area. Early mobile
telecommunication systems had very large cells with tens
of kilometers radius and were predominantly located along
highways due to offering service mainly for car-phones. With
the introduction of digital mobile phone systems cell sizes
got much smaller and base stations were erected in densely

∗ Corresponding author. Tel.: +43 1 4277 64726; fax: +43 1 4277 9647.
E-mail address: michael.kundi@meduniwien.ac.at (M. Kundi).

populated areas. The limited power of mobile phones made
it necessary to reduce the distance to the customers. The
cell size depends on (1) the radiation distance of the mobile
phone; (2) the average number of connected calls; (3) the
topographic characteristics of the covered area and the sur-
rounding buildings, vegetation and other shielding objects;
and (4) the type of antenna used. There are essentially three
types of cells presently making up mobile telecommunication
networks: (1) macro-cells in areas of average to low number
of calls; (2) micro-cells in densely populated areas and areas
with high telecommunication traffic density; (3) pico-cells
within buildings, garages, etc. The types of antennas used,
although hundreds of different models are operated, can be
subdivided into: omni-directional antennas that radiate in all
horizontal directions with the same power; sector antennas
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Abstract

Objective: Extremely low frequency (ELF) and radio frequency (RF) magnetic fields (MFs) pervade our environment. Whether or not
these magnetic fields are associated with increased risk of serious diseases, e.g., cancers and Alzheimer’s disease, is thus important when
developing a rational public policy. The Bioinitiative Report was an effort by internationally recognized scientists who have spent significant
time investigating the biological consequences of exposures to these magnetic fields to address this question. Our objective was to provide an
unbiased review of the current knowledge and to provide our general and specific conclusions. Results: The evidence indicates that long-term
significant occupational exposure to ELF MF may certainly increase the risk of both Alzheimer’s disease and breast cancer. There is now
evidence that two relevant biological processes (increased production of amyloid beta and decreased production of melatonin) are influenced
by high long-term ELF MF exposure that may lead to Alzheimer’s disease. There is further evidence that one of these biological processes
(decreased melatonin production) may also lead to breast cancer. Finally, there is evidence that exposures to RF MF and ELF MF have
similar biological consequences. Conclusion: It is important to mitigate ELF and RF MF exposures through equipment design changes and
environmental placement of electrical equipment, e.g., AC/DC transformers. Further research related to these proposed and other biological
processes is required.
© 2009 Elsevier Ireland Ltd. All rights reserved.
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Abstract

This paper reviews the literature data on the effects of electromagnetic fields (EMF), in the reproductive organs as well as in prenatal
and postnatal development of vertebrate animals. Review articles which have been published till 2001, regarding the reproductive and
developmental effects of the entire range of frequency of electromagnetic fields, were surveyed. Experimental studies which were published
from 2001 onwards were summarized. Special focus on the effects of radiofrequencies related to mobile communication in the above mentioned
topics has been made. According to the majority of the investigations, no strong effects resulted regarding the exposure to EMF of mobile
telephony in the animal reproduction and development. However further research should be done in order to clarify many unknown aspects
of the impact of EMF in the living organisms.
© 2009 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

During the 20th century, the exposure to electromag-
netic fields (EMF) became an important source of concern
about the possible effects in the living organisms. The
artificial sources of electromagnetic radiation have risen
tremendously because of the ongoing needs on electric-
ity, telecommunications, and electronic devices. In this
context, World Health Organisation (WHO) established in
1996 the International EMF project in order to assess
health and environmental effects of exposure to EMF in
the frequency range from 0 to 300 GHz. For the pur-
pose of this paper this range will be divided into static
(0 Hz), extremely low frequency (ELF > 0–300 kHz), inter-
mediate frequencies (IF > 300–10 MHz) and radiofrequency
(RF 10 MHz–300 GHz) fields [J. Juutilainen, Developmen-
tal effects of electromagnetic fields, Bioelectromagnetics 7
(2005) S107–S115]. The mobile phone technology is based
on radiofrequency radiation with transmission of microwaves
carrying frequencies between 880 and 1800 MHz [P.A. Val-
berg, T.E. van Deventer, M.H. Repacholi, Workgroup report:

∗ Tel.: +30 24410 66013.
E-mail address: apourlis@vet.uth.gr.

base stations and wireless networks-radiofrequency (RF)
exposures and health consequences, Environ. Health Per-
spect. 115 (2007) 416–424].

The mobile telephony revolution took place in the last
decade. There is an increasing number of cell phone users all
over the world. Also, new technologies which use the spec-
trum of high frequency emissions are incorporated in many
aspects of telecommunications. As a consequence, there is a
lot of interest about the possible effects of the radiation emit-
ted from the machines which are engaged in the telephony
such as hand phones, base stations and transmitters.

The biological effects of EMF have been and are being
investigated on different levels of organization. On the level
of human populations, epidemiological studies are used
whereas, on the level of individuals human, animal and plant
in vivo experiments are carried out. Furthermore, on the
level of organs, tissues and cells in vitro investigations are
employed. Finally, on the sub-cellular level, biochemical and
molecular techniques are utilized.

From another point of view, many studies have been car-
ried out or are in progress about the various effects of radiation
emissions regarding the behaviour, cancer, central nervous
system, sleep, children, cardiovascular system, immune func-
tion, reproduction and development [3].
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Abstract

A review on the impact of radiofrequency radiation from wireless telecommunications on wildlife is presented. Electromagnetic radiation
is a form of environmental pollution which may hurt wildlife. Phone masts located in their living areas are irradiating continuously some
species that could suffer long-term effects, like reduction of their natural defenses, deterioration of their health, problems in reproduction and
reduction of their useful territory through habitat deterioration. Electromagnetic radiation can exert an aversive behavioral response in rats,
bats and birds such as sparrows. Therefore microwave and radiofrequency pollution constitutes a potential cause for the decline of animal
populations and deterioration of health of plants living near phone masts. To measure these effects urgent specific studies are necessary.
© 2009 Published by Elsevier Ireland Ltd.
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1. Introduction

Life has evolved under the influence of two omnipresent
forces: gravity and electromagnetism. It should be expected
that both play important roles in the functional activities
of organisms [1]. Before the 1990’s radiofrequencies were
mainly from a few radio and television transmitters, located
in remote areas and/or very high places. Since the introduc-
tion of wireless telecommunication in the 1990’s the rollout
of phone networks has caused a massive increase in electro-
magnetic pollution in cities and the countryside [2,3].

Multiple sources of mobile communication result in
chronic exposure of a significant part of the wildlife (and
man) to microwaves at non-thermal levels [4]. In recent
years, wildlife has been chronically exposed to microwaves
and RFR (Radiofrequency radiation) signals from various
sources, including GSM and UMTS/3G wireless phones
and base stations, WLAN (Wireless Local Area Networks),
WPAN (Wireless Personal Area Networks such as Blue-
tooth), and DECT (Digital Enhanced (former European)
Cordless Telecommunications) that are erected indiscrimi-
nately without studies of environmental impact measuring

E-mail addresses: abalmori@ono.com, balmaral@jcyl.es.

long-term effects. These exposures are characterized by low
intensities, varieties of signals, and long-term durations. The
greater portion of this exposure is from mobile telecommu-
nications (geometric mean in Vienna: 73% [5]). In Germany
the GSM cellular phone tower radiation is the dominating
high frequency source in residential areas [6]. Also GSM is
the dominating high frequency source in the wilderness of
Spain (personal observation).

Numerous experimental data have provided strong evi-
dence of athermal microwave effects and have also indicated
several regularities in these effects: dependence of frequency
within specific frequency windows of “resonance-type”;
dependence on modulation and polarization; dependence on
intensity within specific intensity windows, including super-
low power density comparable with intensities from base
stations/masts [4,7–9]. Some studies have demonstrated dif-
ferent microwave effects depending on wavelength in the
range of mm, cm or m [10,11]. Duration of exposure may
be as important as power density. Biological effects resulting
from electromagnetic field radiation might depend on dose,
which indicates long-term accumulative effects [3,9,12].
Modulated and pulsed radiofrequencies seem to be more
effective in producing effects [4,9]. Pulsed waves (in blasts),
as well as certain low frequency modulations exert greater
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Abstract

For testing human sensitivity to radio frequency (RF) standing waves a movable reflecting wall was constructed. Radio waves from the
radio–TV tower reflected back and formed a standing wave near the reflector. When the reflector was moved, the position of the maximums
of the standing waves changed and the electromagnetic intensity changed in the body of the standing test subject. The computer with an
AD-converter registered the signals of the hand movement transducer and the RF-meter with 100 MHz dipole antennas. A total of 29 adults
of different ages were tested. There were 9 persons whose hand movement graphs included features like the RF-meter. Six showed responses
that did not correlate with the RF-meter. There were also 14 persons who did not react at all. Sensitive persons seem to react to crossing
standing waves of the FM-radio or TV broadcasting signals.
© 2009 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Radio frequency radiation (RFR) has been studied inten-
sively in the near GHz region. Subjective symptoms, sleeping
problems and cognitive performance have been reported in
subjects living near mobile phone base stations [1]. In the
recent past, frequencies of FM-radio and television (TV)
signals have been much less studied even though these fre-
quencies cause biological and health effects, too. The whole
body resonance frequency of an average man and thus the
maximum absorption of RF energy occur at 70–80 MHz [2].
This is near the frequencies used in very high frequency
(VHF) broadcasting. The head and limbs absorb much more
energy than the torso at frequencies above body resonance
[3]. Greatest absorption in the head region of man occurs at a
frequency of about 375 MHz [4]. Absorption is stronger for
wave propagation from head to toe than it is when the elec-
tric field is parallel to the long axis. The authors [4] believed
that the enchanced absorption in the head region may make

∗ Corresponding author.
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head resonance significant in the study of behavioral effects,
blood–brain barrier permeability, cataractogenesis, and other
microwave bioeffects. Even increased health risks like can-
cer, especially melanoma incidence, near FM broadcasting
and television transmitters have been reported [5,6].

Nerve impulses initiate muscle contraction by calcium
ion release from the sarcoplasmic reticulum, which takes
place when electric nerve signals reach the plasma mem-
brane and T-tubules of muscle fibers [7]. Voltage dependent
Ca-channels open. Acetylcholine esterase (AChE) breaks
down the acetylcholine, and Na-channels close [7]. It has
been reported that the number of Ca2+ ions liberated from
hen’s frontal brain depends on the modulation frequency of
the weak VHF radiation, with a maximum at a frequency
of 16 Hz, while an unmodulated field causes no ion release
[2,8]. Multiple RF power-density windows in calcium ion
release from brain tissue have presented [9]. A significant
decrease in AChE activity has been found in rats exposed to
radio frequency radiation of 147 MHz and its sub-harmonics
73.5 and 36.75 MHz amplitude modulated at 16 and 76 Hz.
A decrease in AChE activity was independent of carrier wave
frequencies [10].
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Abstract

Many national and international exposure standards for maximum radiation exposure from the use of cell phone and other similar portable
devices are ultimately based on the production of heat particularly in regions of the head, that is, thermal effects (TE). The recent elevation in
some countries of the allowable exposure, that is, averaging the exposure that occurs in a 6 min period over 10 g of tissue rather than over 1 g
allows for greater heating in small portions of the 10-g volume compared to the exposure that would be allowed averaged over 1-g volume.
There is concern that ‘hot’ spots, that is, momentary higher intensities, could occur in portions of the 10-g tissue piece, might have adverse
consequences, particularly in brain tissue.

There is another concern about exposure to cell phone radiation that has been virtually ignored except for the National Council
of Radiation Protection and Measurements (NCRP) advice given in a publication in 1986 [National Council for Radiation Protection
and Measurements, Biological Effects and Exposure Criteria for Radiofrequency Electromagnetic Fields, National Council for Radiation
Protection and Measurements, 1986, 400 pp.]. This NCRP review and guidance explicitly acknowledge the existence of non-thermal
effects (NTE), and included provisions for reduced maximum-allowable limits should certain radiation characteristics occur during the
exposure.

If we are to take most current national and international exposure standards as completely protective of thermal injury for acute exposure
only (6 min time period) then the recent evidence from epidemiological studies associating increases in brain and head cancers with increased
cell phone use per day and per year over 8–12 years, raises concerns about the possible health consequences on NTE first acknowledged in the
NCRP 1986 report [National Council for Radiation Protection and Measurements, Biological Effects and Exposure Criteria for Radiofrequency
Electromagnetic Fields, National Council for Radiation Protection and Measurements, 1986, 400 pp.].

This paper will review some of the salient evidence that demonstrates the existence of NTE and the exposure complexities that must be
considered and understood to provide appropriate, more thorough evaluation and guidance for future studies and for assessment of potential
health consequences. Unfortunately, this paper is necessary because most national and international reviews of the research area since the
1986 report [National Council for Radiation Protection and Measurements, Biological Effects and Exposure Criteria for Radiofrequency
Electromagnetic Fields, National Council for Radiation Protection and Measurements, 1986, 400 pp.] have not included scientists with
expertise in NTE, or given appropriate attention to their requests to include NTE in the establishment of public-health-based radiation
exposure standards. Thus, those standards are limited because they are not comprehensive.
© 2009 Published by Elsevier Ireland Ltd.

Keywords: Non-thermal effects; Electromagnetic fields; Exposure standards
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1. Introduction

1.1. The current approach to exposure limits (based on
heating and electric current flow in tissues)

It is universally accepted that radiofrequency radia-
tion (RFR) can cause tissue heating (thermal effects, TE)
and that extremely low-frequency (ELF) fields, e.g., 50
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Abstract

The object of this work was to review recent trends in public health in Sweden. Data on different adverse health indicators were collected
from official Swedish registries. We found that population health generally improved during the early 1990s but suddenly started to deteriorate
from 1997 onwards. This quite dramatic change is not likely to be explained only by improved diagnostics but physical causes need immediately
to be searched for. A connection with the increasing exposure of the population to GHz radiation from mobile phones, base stations and other
communication technologies cannot be ruled out.
© 2009 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

During the first half of the 1990s, the Swedish popula-
tion appeared increasingly healthy. Sick leave registrations
decreased; in addition, lung cancer among older men steadily
decreased and the incidence of prostate cancer levelled out,
becoming stable or slightly decreasing between 1993 and
1997. In Stockholm, even the number of traffic accidents with
injuries went down each year from 1985 to 1996. Mortal-
ity due to Alzheimer’s disease increased in the early 1980s,
but remained steady at 2.5–4 per 100,000 person-years (age
standardized) from 1990 to 1997.

Objective of the present study: After 1997, public health
appeared to decline markedly. Was this decrease the result
of improvements in detection and diagnosis, or did maladies
actually increase? In this paper, we take a look at several
health trends, one by one, and analyze the suggested causes
underlying the adverse health- and traffic safety indicators.

∗ Corresponding author.
E-mail address: oerjan.hallberg@swipnet.se (Ö. Hallberg).

1 This Research Institution was founded in 2001 and is registered by the
Swedish National Patent and Registration Office.

2. Materials and methods

All data were retrieved from the official databases of the
National Health and Welfare Board (Socialstyrelsen; SoS)
and of the Swedish Road Administration (Vägverket; VV).
Hallberg and Johansson (2004) have presented worrying
trends related to public health in Sweden [1]. Hallberg (2007)
showed that many adverse health indicators were worse in
sparsely populated areas, as hypothesized caused by higher
average output power from mobile phones in those areas [2].

3. Results and discussion

1. Lung cancer among elderly men increased markedly
beginning after 1997 (Fig. 1). For men aged 80–84 years,
the incidence increased from 160 to 230/100,000. For men
aged 85+, the incidence increased from 95 to a high of
180/100,000 in 2005. The SoS has not publicly offered
any explanation for these increases or commented on this
matter.

2. In 1997, the incidence of prostate cancer abruptly
increased in all age groups (Fig. 2). In Stockholm, the
number of cases in men aged 50–59 stayed fairly stable
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Abstract

Global exposures to emerging wireless technologies from applications including mobile phones, cordless phones, DECT phones, WI-FI,
WLAN, WiMAX, wireless internet, baby monitors, and others may present serious public health consequences. Evidence supporting a public
health risk is documented in the BioInitiative Report. New, biologically based public exposure standards for chronic exposure to low-intensity
exposures are warranted. Existing safety standards are obsolete because they are based solely on thermal effects from acute exposures. The
rapidly expanding development of new wireless technologies and the long latency for the development of such serious diseases as brain cancers
means that failure to take immediate action to reduce risks may result in an epidemic of potentially fatal diseases in the future. Regardless of
whether or not the associations are causal, the strengths of the associations are sufficiently strong that in the opinion of the authors, taking action
to reduce exposures is imperative, especially for the fetus and children. Such action is fully compatible with the precautionary principle, as
enunciated by the Rio Declaration, the European Constitution Principle on Health (Section 3.1) and the European Union Treaties Article 174.
© 2009 Elsevier Ireland Ltd. All rights reserved.

Keywords: Wireless technology; Brain cancer; Radiofrequency; Cell phones; Wireless antenna facilities; Childrens’ health

1. Introduction and background

Exposure to electromagnetic fields (EMF) has been linked
to a variety of adverse health outcomes that may have sig-
nificant public health consequences [1–13]. The most serious
health endpoints that have been reported to be associated with
extremely low frequency (ELF) and/or RF include childhood
and adult leukemia, childhood and adult brain tumors, and
increased risk of the neurodegenerative diseases, Alzheimer’s
and amyotrophic lateral sclerosis (ALS). In addition, there
are reports of increased risk of breast cancer in both men
and women, genotoxic effects (DNA damage and micronu-
cleation), pathological leakage of the blood–brain barrier,
altered immune function including increased allergic and
inflammatory responses, miscarriage and some cardiovascu-
lar effects [1–13]. Insomnia (sleep disruption) is reported in
studies of people living in very low-intensity RF environ-
ments with WI-FI and cell tower-level exposures [85–93].
Short-term effects on cognition, memory and learning, behav-
ior, reaction time, attention and concentration, and altered

∗ Corresponding author. Tel.: +1 805 969 0557; fax: +1 805 969 5003.
E-mail address: sage@silcom.com (C. Sage).

brainwave activity (altered EEG) are also reported in the sci-
entific literature [94–107]. Biophysical mechanisms that may
account for such effects can be found in various articles and
reviews [136–144].

The public health implications of emerging wireless tech-
nologies are enormous because there has been a very rapid
global deployment of both old and new forms in the last 15
years. In the United States, the deployment of wireless infras-
tructure has accelerated greatly in the last few years with
220,500 cell sites in 2008 [14–16]. Eighty-four percent of
the population of the US own cell phones [16]. Annualized
wireless revenues in 2008 will reach $144 billion and US
spending on wireless communications will reach $212 bil-
lion by 2008. Based on the current 15% annual growth rate
enjoyed by the wireless industry, in the next 5 years wireless
will become a larger sector of the US economy than both the
agriculture and automobile sectors. The annualized use of
cell phones in the US is estimated to be 2.23 trillion minutes
in 2008 [16]. There are 2.2 billion users of cell phones world-
wide in 2008 [17] and many million more users of cordless
phones.

Over 75 billion text messages were sent in the United
States, compared with 7.2 billion in June 2005, according to
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CTIA, the Wireless Association, the leading industry trade
group [16]. The consumer research company Nielsen Mobile,
which tracked 50,000 individual customer accounts in the
second quarter of this year, found that Americans each sent
or received 357 text messages a month then, compared with
204 phone calls. That was the second consecutive quarter in
which mobile texting significantly surpassed the number of
voice calls [17].

The Electronics Industries Alliance (EIA) represents 80%
of the $550 billion US electronics industry “that provides
two million jobs for American workers.” Its members include
companies from the consumer electronics and telecommuni-
cations industries, among others [17].

There is intense industry competition for market share.
Telecom taxes form an immense revenue generator for the
government sector. Sale of the airwaves (auctions selling
off wireless bandwidth) is a multi-million dollar industry
for governments, and multi-billion dollar global advertising
budgets are common. Lobbying dollars from the telecom-
related industries are estimated to be $300 million annually.
The media is nearly silent on health issues, perhaps in part
because of global advertising revenues that compromise jour-
nalistic independence and discourage balanced coverage of
health, equity and economic issues.

2. Evidence supporting a public health risk

Even if there is only a small risk to health from chronic
use of and exposure to wireless technologies, there is the
potential for a profound public health impact. RF radi-
ation now saturates the airwaves, resulting in exposure
to both users and non-users. The effects are both short-
term (sleep disruption, hormone disruption, impairment of
cognitive function, concentration, attention, behavior, and
well-being) and they are almost certainly long-term (gen-
erational impacts on health secondary to DNA damage,
physiological stress, altered immune function, electrosensi-
tivity, miscarriage risks, effects on sperm quality and motility
leading to infertiility, increased rates of cancer, and neuro-
logical diseases including Alzheimer’s disease and ALS—at
least for ELF exposures). (Chapters 5–12 of the BioInitiative
Report [1] and papers in this Supplement.)

There is credible scientific evidence that RF exposures
cause changes in cell membrane function, metabolism and
cellular signal communication, as well as activation of proto-
oncogenes and triggering of the production of stress proteins
at exposure levels below current regulatory limits. There is
also generation of reactive oxygen species, which cause DNA
damage, chromosomal aberrations and nerve cell death. A
number of different effects on the central nervous system have
also been documented, including activation of the endoge-
nous opioid systems, changes in brain function including
memory loss, slowed learning, motor dysfunction and per-
formance impairment in children, and increased frequency of
headaches, fatigue and sleep disorders. Melatonin secretion

is reduced, resulting in altered circadian rhythms and disrup-
tion of several physiological functions. (Chapters 5–12 of the
BioInitiative Report [1] and papers in this Supplement.)

These effects can reasonably be presumed to result
in adverse health effects and disease with chronic and
uncontrolled exposures, and children may be particularly
vulnerable [1,19]. The young are also largely unable to
remove themselves from such environments. Second-hand
non-ionizing radiation, like second-hand smoke may be con-
sidered of public health concern based on the evidence at
hand.

2.1. Malignant brain tumors

At present, the most persuasive evidence for cancer result-
ing from RF exposure is that there is a significantly increased
risk of malignant glioma in individuals that have used a
mobile phone for 10 or more years, with the risk being ele-
vated only on the side of the head on which the phone is used
regularly (ipsilateral use) [1,3,4,6–8,18]. While the risk for
adults after 10 or more years of use is reported to be more
than doubled, there is some evidence beginning to appear
that indicates that the risk is greater if the individual begins
to use a mobile phone at younger ages. Hardell et al. [18]
reported higher odds ratios in the 20–29-year-old group than
other age ranges after more than 5 years of use of either ana-
log or cordless phones. Recently in a London symposium
Hardell reported that after even just 1 or more years of use
there is a 5.2-fold elevated risk in children who begin use of
mobile phones before the age of 20 years, whereas for all
ages the odds ratio was 1.4. Studies from Israel have found
that the risk of parotid gland tumors (a salivary gland in the
cheek) is increased with heavy cell phone use [7]. The risk
of acoustic neuroma (a benign but space-occupying tumor
on the auditory nerve) is also significantly increased on the
ipsilateral side of the head after 10 or more years of mobile
phone use [1,3]. This relationship has also been documented
in some of the published reports of the WHO Interphone
Study, a decade-long 13-country international assessment of
cell phone risks and cancer [6,8].

Kundi reports that “(E)pidemiological evidence compiled
in the last 10 years starts to indicate an increased risk, in
particular for brain tumors (glioma, meningioma, acoustic
neuroma), from mobile phone use. Considering biases that
may have been operating in most studies the risk estimates
are rather too low, although recall bias could have increased
risk estimates. The net result, when considering the different
errors and their impact is still an elevated risk” [19].

The latency for most brain tumors is 20 years or more
when related to other environmental agents, for example, to
X-ray exposure. Yet, for cell phone use the increased risks
are occurring much sooner than twenty years, as early as
10 years for brain tumors in adults and with even shorter
latencies in children. This suggests that we may currently be
significantly underestimating the impact of current levels of
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use of RF technology, since we do not know how long the
average latency period really is. If it is 20 years, then the
risk rate will likely be much higher than an overall doubling
of risk for cell phone users if the peak comes later than 10
years. It may also signal very troubling risks for those who
start using cell phones, and perhaps all wireless devices, in
early childhood. We may not have proof of effect for decades
until many hundreds of thousands of new cases of malignant
gliomas are set in motion by long-term cell phone use.

The preliminary evidence that mobile phone use at
younger ages may lead to greater risk than for older persons is
of particular concern. There is a large body of evidence that
childhood exposure to environmental agents poses greater
risk to health than comparable exposure during adulthood
[20,21]. There is reason to expect that children would be
more susceptible to the effects of EMF exposure since they
are growing, their rate of cellular activity and division is more
rapid, and they may be more at risk for DNA damage and
subsequent cancers. Growth and development of the central
nervous system is still occurring well into the teenage years
so that neurological changes may be of great importance to
normal development, cognition, learning, and behavior.

A greater vulnerability of children to developing brain
cancer from mobile phone use may be the consequence of
a combination of patterns of use, stage of development and
physical characteristics related to exposure. In addition to the
fact that the brain continues to develop through the teen years,
many young children and teenagers now spend very large
periods of time using mobile phones. The brain is the main
target organ of cell phones and cordless phones, with highest
exposure to the same side as the phone is used. Further, due
to anatomical reasons, the brain of a child is more exposed to
RF radiation than the brain of an adult [22,23]. This is caused
by the smaller brain size, a thinner pinna of the ear, thinner
skin and thinner skull bone permitting deeper penetration
into the child’s brain. A recent French study showed that
children absorb twice the RF from cell phone use as do adults
[24].

In addition to concerns about cancer, there is evidence for
short-term effects of RF exposure on cognition, memory and
learning, behavior, reaction time, attention and concentration,
altered brainwave activity (altered EEG) [95–108], and all of
these effects argue for extreme caution with regard to expo-
sure of children. The development of children into adults is
characterized by faster cell division during growth, the long
period needed to fully develop and mature all organ systems,
and the need for properly synchronized neural development
until early adulthood. Chronic, cumulative RF exposures may
alter the normal growth and development of children and
adversely affect their development and capacity for normal
learning, nervous system development, behavior and judg-
ment [1,97,102].

Prenatal exposure to EMF has been identified as a possible
risk factor for childhood leukemia (1). Maternal use of cell
phones has been reported to adversely affect fetal brain devel-
opment, resulting in behavioral problems in those children by

the time they reach school age [25]. Their exposure is invol-
untary in all cases. Children are largely unable to remove
themselves from exposures to harmful substances in their
environments.

2.2. Plausible biological mechanisms for a relationship
between RF exposure and cancer

2.2.1. DNA damage and oxidative stress
Damage to DNA from ELF and from RF cell phone

frequencies at very low intensities (far below FCC and
ICNIRP safety limits) has been demonstrated in many stud-
ies [1,2,26–35]. Both single- and double-strand DNA damage
have been reported by various researchers in different labora-
tories. This is damage to the human genome, and can lead to
mutations which can be inherited, or which can cause cancer,
or both.

Non-ionizing radiation is assumed to be of too low energy
to cause direct DNA damage. However both ELF and RF
radiation induce reactive oxygen species, free radicals that
react with cellular molecules including DNA. Free-radical
production and/or the failure to repair DNA damage (sec-
ondary to damage to the enzymes that repair damage) created
by such exposures can lead to mutations. Whether it is greater
free-radical production, reduction in anti-oxidant protection
or reduced repair capacity, the result will be altered DNA,
increased risk of cancer, impaired or delayed healing, and
premature aging [36–54]. Exposures have also been linked
to decreased melatonin production, which is a plausible bio-
logical mechanism for decreased cancer surveillance in the
body, and increased cancer risk [34,39,44,46,47,49,50,54].
An increased risk of cancers and a decrease in survival has
been reported in numerous studies of ELF and RF [55–69].

2.2.2. Stress proteins (heat shock proteins or HSP)
Another well-documented effect of exposure to low-

intensity ELF and RF is the creation of stress proteins (heat
shock proteins) that signal a cell is being placed under phys-
iological stress) [70–80]. The HSP response is generally
associated with heat shock, exposure to toxic chemicals and
heavy metals, and other environmental insults. HSP is a signal
of cells in distress. Plants, animals and bacteria all produce
stress proteins to survive environmental stressors like high
temperatures, lack of oxygen, heavy metal poisoning, and
oxidative stress.

We can now add ELF and RF exposures to this list of
environmental stressors that cause a physiological stress
response. Very low-level ELF and RF exposures can cause
cells to produce stress proteins, meaning that the cell
recognizes ELF and RF exposures as harmful. This is
another important way in which scientists have documented
that ELF and RF exposures can be harmful, and it happens
at levels far below the existing public safety standards. An
additional concern is that if the stress goes on too long, the
protective effect is diminished. The reduced response with
prolonged exposure means the cell is less protected against
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damage, and this is why prolonged or chronic exposures
may be harmful, even at very low intensities.

2.2.3. RF-induced gene expression changes
Many environment agents cause diseases, including can-

cer, not by direct damage to DNA but rather by up- or
down-regulation of genes that regulate cell growth and func-
tion. Usually there are many genes whose expression is
changed, and it is difficult to determine the exact changes
responsible for the disease. Both ELF and RF exposures have
been shown to result in altered gene expression. Olivares-
Banuelos et al. [81] found that ELF exposure of chromaffin
cells resulted in changed expression of 53 transcripts. Zhao
et al. [82] investigated the gene expression profile of rat neu-
rons exposed to 1800 MHz RF fields (2 W/kg) and found 24
up-regulated genes and 10 down-regulated genes after a 24-h
exposure. The altered genes were involved in multiple cellular
functions including cytoskeleton, signal transduction path-
ways and metabolism. Kariene et al. [83] exposed human
skin to mobile phone radiation, and found by punch biopsy
that 8 proteins were significantly altered in expression, con-
sistent with gene induction. Several other studies have found
altered gene expression following RF exposure, although
none have been found that explain specific disease states
[84].

DNA activation at very low ELF and RF levels, as in
the stress response, and DNA damage (strand breaks and
micronuclei) at higher levels, are molecular precursors to
changes that are believed to lead to cancer. These, along
with gene induction, provide plausible biological mecha-
nisms linking exposure to cancer.

The biochemical pathways that are activated are the same
for ELF and for RF exposures, and are non-thermal (do not
require heating or induced electrical currents). This is true
for the stress response, DNA damage, generation of reactive
oxygen species as well as gene induction. Thus it is not sur-
prising that the major cancers resulting from exposure to ELF
and RF are the same, namely leukemia and brain cancer. The
safety standards for both ELF and RF, based on protection
from heating, are irrelevant and not protective. ELF exposure
levels of only 5–10 mG have been shown to activate the stress
response genes (http://www.bioinitiative.org, Sections 1 and
7 [1]).

3. Sleep, cognitive function and performance

The relationship of good sleep to cognition, perfor-
mance and healing is well recognized. Sleep is a profoundly
important factor in proper healing, anti-inflammatory bene-
fits, reduction in physical symptoms of such as tendonitis,
over-use syndrome, fatigue-induced lethargy, cognition and
learning. Incomplete or slowed physiological recovery is
common when sleep is impaired. Circadian rhythms that
normalize stress hormone production (cortisol, for example)
depend on synchronized sleep patterns.

People who are chronically exposed to low-level wire-
less antenna emissions report symptoms such as problems in
sleeping (insomnia), as well as other symptoms that include
fatigue, headache, dizziness, grogginess, lack of concen-
tration, memory problems, ringing in the ears (tinnitus),
problems with balance and orientation, and difficulty in
multi-tasking [85–93,99]. In children, exposures to cell phone
radiation have resulted in changes in brain oscillatory activity
during some memory tasks [97,102]. Cognitive impairment,
loss of mental concentration, distraction, speeded mental
function but lowered accuracy, impaired judgment, delayed
reaction time, spatial disorientation, dizziness, fatigue,
headache, slower motor skills and reduced learning ability
in children and adults have all been reported [85–108].

These symptoms are more common among “electrosen-
sitive” individuals, although electrosensitivity has not been
documented in double-blind tests of individual identifying
themselves as being electrosensitive as compared to controls
[109,110]. However people traveling to laboratories for test-
ing are pre-exposed to a multitude of RF and ELF exposures,
so they may already be symptomatic prior to actual testing.
There is also evidence that RF exposures testing behavioral
changes show delayed results; effects are observed after ter-
mination of RF exposure. This suggests a persistent change
in the nervous system that may be evident only after time has
passed, so is not observed during a short testing period.

3.1. Plausible biological mechanisms for
neurobehavioral effects

3.1.1. The melatonin hypothesis
While there remains controversy as to the degree that

RF and ELF fields alter neurobehavioral function, emerg-
ing evidence provides a plausible mechanism for both effects
on sleep and cognition. Sleep is controlled by the central
circadian oscillator in the suprachiasmatic nucleus, located
in the hypothalamus. The activity of this central circadian
oscillator is, in turn, controlled by the hormone, melatonin,
which is released from the pineal gland [111]. There is con-
siderable evidence that ELF exposure reduces the release
of melatonin from the pineal gland—see Section 12 of the
Bioinitiative Report [1]. There has been less study of the
effects of RF exposure on melatonin release, but investiga-
tions have demonstrated a reduced excretion of the urinary
metabolite of melatonin among persons using a mobile phone
for more than 25 min per day [112]. In a study of women
living near to radio and television transmitters, Clark et al.
[113] found no effect on urinary melatonin metabolite excre-
tion among pre-menopausal women, but a strong effect in
post-menopausal women.

The “melatonin hypothesis” also provides a possible basis
for other reported effects of EMFs. Melatonin has important
actions on learning and memory, and inhibits electrophys-
iological components of learning in some but not all areas
of the brain [114,115]. Melatonin has properties as a free-
radical scavenger and anti-oxidant [116], and consequently,
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a reduction in melatonin levels would be expected to increase
susceptibility to cancer and cellular damage. Melatonin could
also be the key to understanding the relationship between
EMF exposure and Alzheimer’s disease. Noonan et al. [117]
reported that there was an inverse relationship between excre-
tion of the melatonin metabolite and the 1–42 amino acid
form of amyloid beta in electric utility workers. This form of
amyloid beta has been found to be elevated in Alzheimer’s
patients.

3.1.2. Blood–brain barrier alterations
Central nervous system effects of EMFs may also be sec-

ondary to damage to the blood–brain barrier (BBB). The
blood–brain barrier is a critical structure that prevents tox-
ins and other large molecules that are in peripheral blood
from having access to the brain matter itself. Salford et al.
[118] have reported that a 2-h exposure of rats to GSM-900
radiation with a SAR of 2–200 mW/kg resulted in nerve cell
damage. In a follow-up study, Eberhardt et al. report that
2-h exposures to cell phone GSM microwave RF resulted
in leakage of albumin across the blood–brain barrier and
neuronal death [119]. Neuronal albumin uptake was signif-
icantly correlated to occurrence of damaged neurons when
measured at 28 days post-exposure. The lowest exposure
level was 0.12 mW/kg (0.00012 W/kg) for 2 h. The highest
exposure level was 120 mW/kg (0.12 W/kg). The weakest
exposure level showed the greatest effect in opening the BBB
[118]. Earlier blood–brain studies by Salford and Schirma-
cher [120,121] report similar effects.

4. What are sources of wireless radiation?

There are many overlapping sources of radiofrequency
and microwave emissions in daily life, both from industrial
sources (like cell towers) and from personal items [cell and
cordless phones, personal digital assistants (PDAs), wire-
less routers, etc.]. Published data on typical levels found
in some cities and from some sources are available at
http://www.bioinitiative.org [1,122–124].

Cell phones are the single most important source of
radiofrequency radiation to which we are exposed because of
the relatively high exposure that results from the phone being
held right against the head. Cell phones produce two types
of emissions that should be considered. First, the radiofre-
quency radiation (typically microwave frequency radiation)
is present. However, there is also the contribution of the
switching battery pack that produces very high levels of
extremely low frequency electromagnetic field [125–127].

Cordless telephones have not been widely recognized as
similar in emissions to cell phones, but they can and do pro-
duce significant RF exposures. Since people tend to use them
as substitutes for in-home and in-office corded or traditional
telephones, they are often used for long periods of time. As
the range of cordless phones has increased (the distance away
that you can carry on a conversation is related to the power

output of the phone), the more powerful the RF signal will be.
Hence, newer cordless phones may in some cases be similar
to the power output of cell phones. The cumulative emis-
sions from cell and cordless phones taken together should
be recognized when considering the relative risks of wireless
communication exposures.

PDAs such as the BlackBerry, Treo and iPhone units are
‘souped-up’ versions of the original voice communication
devices (cell phones). The often produce far higher ELF emis-
sions than do cell phones because they use energy from the
battery very intensively for powering color displays and dur-
ing data transmission functions (email, sending and receiving
large files, photos, etc.) [125–127]. ELF emissions have been
reported from PDAs at several tens to several hundreds of mil-
ligauss. Evidence of significantly elevated ELF fields during
normal use of the PDA has public health relevance and has
been reported in at least three scientific papers [125,128,129].
In the context of repetitive, chronic exposure to significantly
elevated ELF pulses from PDAs worn on the body, relevant
health studies point to a possible relationship between ELF
exposure and cancer and pregnancy outcomes [130–133].

We include discussion of the ELF literature for two
reasons. As mentioned above ELF activates the same biol-
ogy as RF, it contributes to the total EMF burden of
the body. In addition, PDAs and cell phones emit both
radiofrequency/microwave radiation (RF) and extremely low
frequency ELF from the battery switching of the device
(the power source). Studies show that some devices pro-
duce excessively high ELF exposures during voice and data
transmission. ELF is already classified as a 2B (Possible)
Carcinogen by IARC, which means that ELF is indisputably
an issue to consider in the wireless technology debate. ELF
has been classified as a Group 2B carcinogen for all humans,
not just children. The strongest evidence came from epidemi-
ological studies on childhood leukemia, but the designation
applies to all humans, both adults and children [1,25].

Wireless headsets that allow for conversations with cell
phones at a distance from the head itself reduce the emis-
sions. Depending on the type of wireless device, they may
operate (transmit signal) only during conversations or they
may be operational continuously. The cumulative dose of
wireless headsets has not been well characterized under either
form of use. Substantial cumulative RF exposure would be
expected if the user wears a wireless headset that transmits a
signal continuously during the day. However a critical factor
is where the cell phone is placed. If worn on a belt with a
headset, the exposure to the brain is reduced but the exposure
to the pelvis may be significant.

Cell towers (called “masts” in Europe and Scandinavian
countries) are wireless antenna facilities that transmit the
cell phone signals within communities. They are another
major source of RF exposures for the public. They differ
from RF exposures from wireless devices like cell phones in
that they produce much lower RF levels (generally 0.05 to
1–2 �W/cm2 in the first several hundred feet around them)
in comparison to several hundred microwatts per centimeter

dx.doi.org/10.1016/j.pathophys.2009.01.011
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squared for a cell phone held at the head. However they create
a constant zone of elevated RF for up to 24 h per day. many
hours per day, and the exposure is whole body rather than
localized at the head. These facilities are the distribution sys-
tem for wireless voice communications, internet connections
and data transmission within communities. They are often
erected on free-standing towers. They may be constructed on
telephone poles or electrical poles. They may be built into the
façade or rooftops of buildings behind wood screening. These
are called stealth installations for wireless antenna facilities.
Some installations are camouflaged to resemble ‘false trees
or rocks’. They emit RF to provide cell service to specific
“cells” or locations that receive the signal.

Other forms of wireless transmission that are common in
areas providing cell service are wireless land area networks
(WLAN), (WiMAX) and WIFI networks. Some cities are
installing city-wide WIFI service to allow any user on the
street to log into the internet (without cables or wire connec-
tions). WIFI installations may have a signal reach for a few
hundred feet where WiMAX installations may transmit sig-
nal more than 10 miles, so produce a stronger RF emission
for those in close proximity. Each type has its particular sig-
nal strength and intended coverage area, but what they have
in common is the production of continuous RF exposure for
those within the area. We do not know what the cumula-
tive exposure (dose) might be for people living, working or
going to school in continuously elevated RF fields, nor are
the possible health implications yet known. However, based
on studies of populations near cell sites in general, there is a
constellation of generally observed health symptoms that are
reported to occur [85–107]. In this regard it is important to
note that children living near to AM radio transmitters have
been found to elevated risks of leukemia [134,135]. While
AM radio RF fields are lower in frequency than that common
in mobile phones, this is a total body irradiation with RF.
The fact that leukemia, not brain cancer, is apparent in these
studies suggests that leukemia is the cancer seen at the lowest
levels of both ELF and RF fields under the circumstances of
whole-body exposure.

Commercial surveillance systems or security gates pose
an additional source of strong RF exposures. They are ubiq-
uitous in department stores, markets and shops at the entry
and exit points to discourage shoplifting and theft of goods.
Security gates can produce excessively high RF exposures
(although transitory) and have been associated with inter-
ference with pacemakers in heart patients. The exposure
levels may approach thermal public safety limits in inten-
sity, although no one expects a person to stand between
the security gate bars for more than 6 min (safety limits for
uncontrolled public access are variable depending on the fre-
quency, but are all averaged over a 6-min exposure period).

RFID chips (radiofrequency identification chips) are being
widely used to track purchases and for security of pets, and in
some cases to keep track of patients with Alzheimer’s disease
and of children. RFID chips are implanted in fabrics, inserted
in many types of commercial goods, and can be implanted

under the skin. They create a detectable signal to track the
location of people and goods.

5. Problems with existing public health standards
(safety limits)

If the existing standards were adequate none of the effects
documented above should occur at levels to which people are
regularly exposed. The fact that these effects are seen with
our current ambient levels of exposure means that our exist-
ing public safety standards are obsolete. It also means that
new, biologically based public exposure standards for wire-
less technologies are urgently needed. Whether it is feasible
to achieve low enough levels that still work and also protect
health against effects of chronic RF exposure – for all age
groups – is uncertain. Whether we can protect the public and
still allow the kinds of wireless technology uses we see today
is unknown.

The nature of electromagnetic field interactions with
biological systems has been well studied [136–144]. For pur-
poses of standard-setting processes for both ELF and RF, the
hypothesis that tissue damage can result only from heating is
the fundamental flaw in the misguided efforts to understand
the basic biological mechanisms leading to health effects.

The thermal standard is clearly untenable as a measure of
dose when EMF stimuli that differ by many orders of magni-
tude in energy can stimulate the same biological response. In
the ELF range, the same biological changes occur as in the
RF, and no change in temperature can even be detected. With
DNA interactions the same biological responses are stimu-
lated in ELF and RF ranges even though the frequencies of
the stimuli differ by many orders of magnitude. The effects of
EMF on DNA to initiate the stress response or to cause molec-
ular damage reflect the same biology in different frequency
ranges. For this reason it should be possible to develop a scale
based on DNA biology, and use it to define EMF dose in dif-
ferent parts of the EM spectrum. We also see a continuous
scale in DNA experiments that focus on molecular damage
where single and double strand breaks have long been known
to occur in the ionizing range, and recent studies have shown
similar effects in both ELF and RF ranges [144].

Existing standard-setting bodies that regulate wireless
technologies, assume that there are no bioeffects of concern
at exposure levels that do not cause measurable heating. How-
ever, it has been established beyond any reasonable doubt that
bioeffects and some adverse health effects occur at far lower
levels of RF and ELF exposure where no heating (or induced
current) occurs; some effects are shown to occur a thou-
sand times or more below the existing public safety limits.
New, biologically based public exposure limits are urgently
needed. New wireless technologies for cell and cordless
phones, other wireless communication and data transmission
systems affect living organisms in new ways that our anti-
quated safety limits have not foreseen, nor protected against.

dx.doi.org/10.1016/j.pathophys.2009.01.011
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The exposure of children to electromagnetic fields has
not been studied extensively; in fact, the Federal Com-
munications Commission (FCC) standards for exposure to
radiofrequency radiation are based on the height, weight and
stature of a 6-foot tall man, not scaled to children or adults
of smaller stature. They do not take into account the unique
susceptibility of growing children to exposures, nor are there
studies of particular relevance to children.

In addition there is a problem in the consideration of the
level of evidence taken into consideration by these bodies.
There have not been adequate animal models shown to have
cancer as an endpoint, and a perception that no single mech-
anism is proven to explain these associations. Thus these
committees have tended to ignore or minimize the evidence
for direct hazard to humans, and believe there is no proof of
cause and effect. These bodies assume from the beginning
that only conclusive scientific evidence (absolute proof) will
be sufficient to warrant change, and refuse to take action on
the basis of a growing body of evidence which provides early
but consequential warning of risks.

The Radiofrequency Interagency Working Group of the
US governmental agencies involved in RF matters (RFI-
AWG) issued a Guidelines Statement in June of 1999 that
concluded the present RF standard “may not adequately pro-
tect the public” [145]. The RFIAWG identified fourteen (14)
issues that they believe are needed in the planned revisions
of ANSI/IEEE RF exposure guidelines including “to pro-
vide a strong and credible rationale to support RF exposure
guidelines”. In particular, the RFIAWG criticized the exist-
ing standards as not taking into account chronic, as opposed
to acute exposures, modulated or pulsed radiation (digital
or pulsed RF is proposed at this site), time-averaged mea-
surements that may erase the unique characteristics of an
intensity-modulated RF radiation that may be responsible
for reported biologic effects, and stated the need for a com-
prehensive review of long-term, low-level exposure studies,
neurological-behavioral effects and micronucleus assay stud-
ies (showing genetic damage from low-level RF) [145]. This
important document from relevant US agencies questions
existing standards in the following ways: (a) selection of an
adverse effect level for chronic exposures not based on tissue
heating and considering modulation effects; (b) recognition
of different safety criteria for acute and chronic exposures at
non-thermal or low-intensity levels; (c) recognition of defi-
ciencies in using time-averaged measurements of RF that
does not differentiate between intensity-modulated RF and
continuous wave (CW) exposure, and therefore may not ade-
quately protect the public; (d) having standards based on
adult males rather than considering children to be the most
vulnerable group.

6. Prudent public health responses

Emerging environmental health problems require pre-
ventative public health responses even where scientific and

medical uncertainties still exist, but where policy decisions
today may greatly reduce human disease and societal costs
tomorrow.

Policy decisions in public health must address some amount
of uncertainty when balancing likely benefits and estimated
costs. Although new insight will allow better appreciation
of difficult issues, such as those occurring in environmental
and occupational health, an expanded perspective may also
enlarge the list of problems that need to be managed. Ignor-
ing the problems carries its own costs (as deferring a decision
is a decision in itself). With environmental and other public
health problems becoming increasingly complex and interna-
tional in scope, scientific documentation alone rarely justifies
simple solutions [146].

Social issues regarding the controversy over public and
occupational exposures to ELF and RF center on the resolute
adherence to existing ICNIRP and FCC/IEEE standards by
many countries, in the face of growing scientific evidence
of health risks at far lower levels [10]. The composition of
these committees, usually with excessive representation of
the physics and engineering communities rather than public
health professionals, results in a refusal to adopt biologically
based exposure standards. Furthermore, there is widespread
belief that governments are ignoring this evidence and there is
widespread distrust of and lack of confidence in governments
and their health agencies. The basis on which most review
bodies and standard-setting agencies have avoided the con-
clusion that the science is strong enough to warrant new safety
limits for ELF and RF is to require a demonstration of abso-
lute proof before taking action. A causal level of evidence, or
scientific certainty standard is implicit in nearly all reviews of
the ELF and RF science, although this runs counter to good
public health protection policies.

There is no question that global implementation of the
safety standards proposed in the Bioinitiative Report, if
implemented abruptly and without careful planning, have the
potential to not only be very expensive but also disruptive
of life and the economy as we know it. Action must be a
balance of risk to cost to benefit. The major risk from main-
taining the status quo is an increasing number of cancer cases,
especially in young people, as well as neurobehavioral prob-
lems at increasing frequencies. The benefits of the status quo
are expansion and continued development of communica-
tion technologies. But we suspect that the true costs of even
existing technologies will only become much more apparent
with time. Whether the costs of remedial action are worth the
societal benefits is a formula that should reward precaution-
ary behavior. Prudent corporate policies should be expected to
address and avoid future risks and liabilities, otherwise, there
is no market incentive to produce safe (and safer) products.

The deployment of new technologies is running ahead of
any reasonable estimation of possible health impacts and esti-
mates of probabilities, let alone a solid assessment of risk.
However, what has been missing with regard to EMF has
been an acknowledgement of the risk that is demonstrated by

dx.doi.org/10.1016/j.pathophys.2009.01.011
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the scientific studies. There is clear evidence of risk, although
the magnitude of the risk is uncertain, and the magnitude of
doing nothing on the health effects cost to society is simi-
larly uncertain. This situation is very similar to our history of
dealing with the hazards of smoking decades ago, where the
power of the industry to influence governments and even con-
flicts of interest within the public health community delayed
action for more than a generation, with consequent loss of life
and enormous extra health care costs to society. New stan-
dards are warranted now, based on the totality of scientific
evidence; the risks of taking no-action, the large population
at risk, costs associated with ignoring the problem in new
and upgraded site selection and construction, and the loss of
public trust by ignoring the problem.

Direct medical and rehabilitative health costs associated
with treatment for diseases that are reasonably related to
wireless technologies may be very large. Although there
is uncertainty involved in how much disease is related to
wireless exposures, the mere scale of the problem with sev-
eral billion users of cell phones and even larger impacts
on bystander populations (from cell site exposures, from
other WI-FI and wireless exposures in-home and commer-
cial use, etc.) the associated public health costs will likely
be monumental. Furthermore the costs to families with can-
cers, neurological diseases or learning disabilities in children
related in part or in whole to wireless technologies extend
beyond medical costs. They may reasonably extend to fam-
ily disruption and family psychological problems, losses in
job productivity and income loss.

The history of governments and their official health agen-
cies to deal with emerging and newly identified risks to health
is not good [147–149]. This is particularly true where industry
investments in new products and technologies occur without
full recognition, disclosure or even knowledge of possible
health consequences. Large economic investments in pol-
luting industries often make for perilously slow regulatory
action, and the public health consequences may be very great
as a result [150,151].

Free markets do not internalize the costs to society of
“guessing wrong”. Unexpected or hidden health costs of new
technologies may not be seen for many years, when the ability
to recall or to identify the precise exposures related to dis-
ease outcomes is difficult or impossible. The penalty nearly
always falls to the individual, the family or the taxpayer and
not to the industry that benefits economically—at least in
free-market economies. Thus, the profits go to industry but
the costs may go to the individual who can suffer both dimin-
ished quality of life and health and economic disadvantage.
If all disease endpoints that may be reasonably related to
chronic exposure to electromagnetic fields are considered
even a small attributable fraction for one or more indus-
tries, it will have enormous global impact on public health.
The public health implications are immense. But they can
be reduced by strong government and public health inter-
ventions providing information on alternatives to wireless
technologies, public education campaigns, health advisories,

Table 1
Public health implications of wireless technologies argue for change in
governmental and health agency actions.

Secure US and EU legislative mandates for safer technologies for
communication and data transmission, for security and surveillance
needs.

Promote wired alternatives for voice and data communication (cable,
fiber-optic)

Discourage or ban use of cell phones by children and young teen-agers
Provide permanent (unremovable) labels on cell phones “Not for use by

children under the age of 16”
Implement national public education campaigns on health issues (cell

phones, cordless phones, PDAs, wireless internet, city-wide WI-FI,
WLAN and WiMAX exposures

Promote industry redesign for safer products: support innovation for
alternatives and solutions

Slow or stop deployment of wireless technologies to discourage reliance
on wireless technologies for communication and security needs

Put the burden of proof on industry to show “new wireless tech” is safe
before deployment

Adopt and enforce restricted use areas for sensitive or more vulnerable
segments of society including low-EMF environments in public areas
and “No Cell” zones in airports, hospitals, schools

Acknowledge FCC and ICNIRP thermal safety standards are obsolete for
wireless technologies

Appoint new standard-setting bodies familiar with biological effects to
develop new guidelines for public safety limits.

Develop new biologically based standards that address low-intensity,
chronic exposures

Require standard of evidence and level of proof = public health
Reject “causal” standard of evidence for taking action on science
Make industry financially liable for “guessing wrong” and ignoring health

risks

requirements for redesign of wireless devices, proscription of
use of wireless devices by children and teenagers, strong and
independent research programs on causes and prevention of
EMF-related diseases, and consultation with all stakehold-
ers on issues relating to involuntary exposures (bystander or
second-hand radiation exposures from wireless technologies)
(Table 1).

The scientific information contained in this Supplement
argues for thresholds or guidelines that are substantially
below current FCC and ICNIRP standards for localized
exposures to wireless devices and for whole-body exposure.
Uncertainty about how low such standards might have to
go to be prudent from a public health standpoint should
not prevent reasonable efforts to respond to the informa-
tion at hand. No lower limit for bioeffects and adverse health
effects from RF has been established, so the possible health
risks of wireless WLAN and WI-FI systems, for example,
will require further research. No assertion of safety at any
level of wireless exposure (chronic exposure) can be made
at this time. The lower limit for reported human health
effects has dropped 100-fold below the safety standard (for
mobile phones and PDAs); 1000–10,000-fold for other wire-
less (cell towers at distance; WI-FI and WLAN devices). The
entire basis for safety standards is called into question, and
it is not unreasonable to question the safety of RF at any
level.

dx.doi.org/10.1016/j.pathophys.2009.01.011
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It is likely that for both ELF and RF, as for other carcino-
gens, there is no threshold of exposure that is without risk,
but the magnitude of the risk increases linearly with the level
of exposure. Our society will not go back to the pre-electric
and pre-wireless age, but the clear evidence of health haz-
ards to the human population from exposure mandates that
we develop ways in which to reduce exposure through educa-
tion, new technologies and the establishment of biomedically
based standards.

7. Conclusions and recommended actions

New ELF limits are warranted based on a public health
analysis of the overall existing scientific evidence. These lim-
its should reflect environmental levels of ELF that have been
demonstrated to increase risk for childhood leukemia, and
possibly other cancers and neurological diseases. ELF lim-
its should be set below those exposure levels that have been
linked in childhood leukemia studies to increased risk of dis-
ease, plus an additional safety factor. It is no longer acceptable
to build new power lines and electrical facilities that place
people in ELF environments that have been determined to
be risky. These levels are in the 2–4 milligauss (mG) range
(0.2–0.4 �T), not in the 10 s of mG or 100 s of mG. The exist-
ing ICNIRP limit is 1000 mG (100 �T) and 904 mG (90.4 �T)
in the US for ELF is outdated and based on faulty assump-
tions. These limits are can no longer be said to be protective
of public health and they should be replaced. A safety buffer
or safety factor should also be applied to a new, biologically
based ELF limit, and the conventional approach is to add a
safety factor lower than the risk level.

While new ELF limits are being developed and imple-
mented, a reasonable approach would be a 1 mG (0.1 �T)
planning limit for habitable space adjacent to all new or
upgraded power lines and a 2 mG (0.2 �T) limit for all
other new construction. It is also recommended that a 1 mG
(0.1 �T) limit be established for existing habitable space
for children and/or women who are pregnant (because of
the possible link between childhood leukemia and in utero
exposure to ELF). This recommendation is based on the
assumption that a higher burden of protection is required for
children who cannot protect themselves, and who are at risk
for childhood leukemia at rates that are traditionally high
enough to trigger regulatory action. This situation in partic-
ular warrants extending the 1 mG (0.1 �T) limit to existing
occupied space. “Establish” in this case probably means for-
mal public advisories from relevant health agencies. While
it is not realistic to reconstruct all existing electrical distri-
bution systems, in the short-term; steps to reduce exposure
from these existing systems need to be initiated, especially in
places where children spend time, and should be encouraged.
These limits should reflect the exposures that are commonly
associated with increased risk of childhood leukemia (in the
2–5 mG (0.2–0.5 �T) range for all children, and over 1.4 mG
(0.14 �T) for children age 6 and younger). Nearly all of

the occupational studies for adult cancers and neurologi-
cal diseases report their highest exposure category is 4 mG
(0.4 �T) and above, so that new ELF limits should target
the exposure ranges of interest, and not necessarily higher
ranges.

Avoiding chronic ELF exposure in schools, homes and the
workplace above levels associated with increased risk of dis-
ease will also avoid most of the possible bioactive parameters
of ELF discussed in the relevant literature.

It is not prudent public health policy to wait any longer
to adopt new public safety limits for ELF. These limits
should reflect the exposures that are commonly associ-
ated with increased risk of childhood leukemia (in the
2–5 mG (0.2–0.5 �T) range for all children, and over 1.4 mG
(0.14 �T) for children age 6 and younger). Avoiding chronic
ELF exposure in schools, homes and the workplace above lev-
els associated with increased risk of disease will also avoid
most of the possible bioactive parameters of ELF discussed
in the relevant literature.

The rapid deployment of new wireless technologies that
chronically expose people to pulsed RF at levels reported to
cause bioeffects, which in turn, could reasonably be presumed
to lead to serious health impacts, is a public health concern.
There is suggestive to strongly suggestive evidence that RF
exposures may cause changes in cell membrane function, cell
communication, metabolism, activation of proto-oncogenes
and can trigger the production of stress proteins at expo-
sure levels below current regulatory limits. Resulting effects
can include DNA breaks and chromosome aberrations, cell
death including death of brain neurons, increased free-radical
production, activation of the endogenous opioid system, cell
stress and premature aging, changes in brain function includ-
ing memory loss, retarded learning, performance impairment
in children, headaches and fatigue, sleep disorders, neurode-
generative conditions, reduction in melatonin secretion and
cancers (BioInitiative Report Chapters 5–10, 12) [1].

This information now argues for thresholds or guidelines
that are substantially below current FCC and ICNIPR stan-
dards for whole-body exposure. Uncertainty about how low
such standards might have to go to be prudent from a pub-
lic health standpoint should not prevent reasonable efforts
to respond to the information at hand. No lower limit for
bioeffects and adverse health effects from RF has been estab-
lished, so the possible health risks of wireless WLAN and
WI-FI systems, for example, will require further research
and no assertion of safety at any level of wireless expo-
sure (chronic exposure) can be made at this time. The lower
limit for reported human health effects has dropped 100-fold
below the safety standard (for mobile phones and PDAs);
1000–10,000-fold for other wireless (cell towers at distance;
WI-FI and WLAN devices). The entire basis for safety stan-
dards is called into question, and it is not unreasonable to
question the safety of RF at any level.

A cautionary target level for pulsed RF exposures for
ambient wireless that could be applied to RF sources from cell
tower antennas, WI-FI, WI-MAX and other similar sources
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is proposed. The recommended cautionary target level is 0.1
microwatts per centimeter squared (�W/cm2) (or 0.614 V per
meter or V/m) for pulsed RF where these exposures affect the
general public; this advisory is proportionate to the evidence
and in accord with prudent public health policy. A precau-
tionary limit of 0.1 �W/cm2 should be adopted for outdoor,
cumulative RF exposure. This reflects the current RF science
and prudent public health response that would reasonably
be set for pulsed RF (ambient) exposures where people live,
work and go to school. This level of RF is experienced as
whole-body exposure, and can be a chronic exposure where
there is wireless coverage present for voice and data transmis-
sion for cell phones, pagers and PDAs and other sources of
radiofrequency radiation. An outdoor precautionary limit of
0.1 �W/cm2 would mean an even lower exposure level inside
buildings, perhaps as low as 0.01 �W/cm2. Some studies and
many anecdotal reports on ill health have been reported at
lower levels than this; however, for the present time, it could
prevent some of the most disproportionate burdens placed
on the public nearest to such installations. Although this RF
target level does not preclude further rollout of WI-FI tech-
nologies, we also recommend that wired alternatives to WI-FI
be implemented, particularly in schools and libraries so that
children are not subjected to elevated RF levels until more is
understood about possible health impacts. This recommen-
dation should be seen as an interim precautionary limit that is
intended to guide preventative actions; and more conservative
limits may be needed in the future.

Broadcast facilities that chronically expose nearby res-
idents to elevated RF levels from AM, FM and television
antenna transmission are also of public health concern given
the potential for very high RF exposures near these facilities
(antenna farms). RF levels can be in the 10 s to several 100 s
of �W/cm2 in residential areas within half a mile of some
broadcast sites (for example, Lookout Mountain, Colorado
and Awbrey Butte, Bend, Oregon). Like wireless communica-
tion facilities, RF emissions from broadcast facilities that are
located in, or expose residential populations and schools to
elevated levels of RF will very likely need to be re-evaluated
for safety.

For emissions from wireless devices (cell phones, per-
sonal digital assistant or PDA devices, etc.) there is enough
evidence for increased risk of brain tumors and acoustic neu-
romas now to warrant intervention with respect to their use.
Redesign of cell phones and PDAs could prevent direct head
and eye exposure, for example, by designing new units so
that they work only with a wired headset or on speakerphone
mode.

These effects can reasonably be presumed to result
in adverse health effects and disease with chronic and
uncontrolled exposures, and children may be particularly
vulnerable. The young are also largely unable to remove
themselves from such environments. Second-hand radiation,
like second-hand smoke is an issue of public health concern
based on the evidence at hand.

In summary, the following recommendations are made:

• ELF limits should be set below those exposure levels
that have been linked in childhood leukemia studies to
increased risk of disease, plus an additional safety factor.
It is no longer acceptable to build new power lines and
electrical facilities that place people in ELF environments
that have been determined to be risky (at levels generally
at 2 mG (0.2 �T) and above).

• While new ELF limits are being developed and imple-
mented, a reasonable approach would be a 1 mG (0.1 �T)
planning limit for habitable space adjacent to all new or
upgraded power lines and a 2 mG (0.2 �T) limit for all
other new construction, It is also recommended for that
a 1 mG (0.1 �T) limit be established for existing habit-
able space for children and/or women who are pregnant.
This recommendation is based on the assumption that a
higher burden of protection is required for children who
cannot protect themselves, and who are at risk for child-
hood leukemia at rates that are traditionally high enough
to trigger regulatory action. This situation in particular
warrants extending the 1 mG (0.1 �T) limit to existing
occupied space. “Establish” in this case probably means
formal public advisories from relevant health agencies.

• While it is not realistic to reconstruct all existing electrical
distributions systems, in the short-term; steps to reduce
exposure from these existing systems need to be initi-
ated and should be encouraged, especially in places where
children spend time.

• A precautionary limit of 0.1 �W/cm2 (which is also
0.614 V per meter) should be adopted for outdoor, cumula-
tive RF exposure. This reflects the current RF science and
prudent public health response that would reasonably be
set for pulsed RF (ambient) exposures where people live,
work and go to school. This level of RF is experienced
as whole-body exposure, and can be a chronic exposure
where there is wireless coverage present for voice and
data transmission for cell phones, pagers and PDAs and
other sources of radiofrequency radiation. Some studies
and many anecdotal reports on ill health have been reported
at lower levels than this; however, for the present time,
it could prevent some of the most disproportionate bur-
dens placed on the public nearest to such installations.
Although this RF target level does not preclude further
rollout of WI-FI technologies, we also recommend that
wired alternatives to WI-FI be implemented, particularly
in schools and libraries so that children are not subjected
to elevated RF levels until more is understood about pos-
sible health impacts. This recommendation should be seen
as an interim precautionary limit that is intended to guide
preventative actions; and more conservative limits may be
needed in the future.
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9. When I became ill from a headache, I went to the doctor.  Headaches are not 
normal for me. 

10. My family doctor found other problems: thyroid changes and diabetes. 

11. My husband and I observed and confirmed my health responses to the cell 
tower.  We thought we discovered the cause.  See [Exhibit A].  When driving 
home from the west, I experienced a small headache which kept growing as we 
continued eastward.  This was unusual because I rarely got headaches and it was 
strange a headache started small and grew more and more painful.  A sudden 
headache hit me when I drove home from Cedar Falls, heading south on Hudson 
Road, just past Union Road.  Both of these headaches occurred again and again 
and again.  I am not prone to headaches.  The wallop headache occurred when I 
approached the top of a hill to the line‐of‐site to the cell tower.  

12. We contacted U.S. Cellular, we thought we would get help, either the emissions 
turned off or directed away from us.  A letter of denial was sent to us.  We 
contacted FCC, they only sent us a brochure that was safe.  

13. Changes in health appeared about nine months after the cell tower (U.S. Cellular) 
antennas were activated, 

14. A radiation specialist deduced the headache may be warnings, the neurons/cells 
were either being injured or being killed.  Two papers report this happening, 
there are many more:  Firstenberg, A. (1997). Microwaving our planet: the 
environmental impact of the wirelss revolution (2nd Edition ed.). Mendocino, 
CA: Cellular Phone Taskforce.   Salford, L. G., Brun, A. E., Eberhardt, J. L., 
Malmgren, L., & Persson, B. R. (2003). Nerve cell damage in mammalian brain 
after exposure to microwaves from GSM mobile phones. Environ Health 
Perspect, 111(7), 881‐883; discussion A408.    

15. The emissions (I learned is called non‐ionizing radiation) from the cell tower 
(U.S. Cellular) near our home may have accumulated in my body to become 
overexposure.  At that time, I found myself sensitive to and harmed by a cell 
towers owned/operated by U.S. Cellular.  It seemed I did not feel headaches from 
AT&T, Cellular One, nor Verizon.  I do not know why. 

16. I continued living at home, but, was becoming unable to do many things. 

17. One night in 2003, things came to a crisis.  I could not sleep.  It was about 2 a.m., 
my head was hurting.  The situation had become unbearable.  My husband got 
me immediately away.  I did not pack.  I’ve never been back except for one 20‐
minute visit. 

18. I have lived or slept in my vehicle or a hatchback since (2003 to present). 

19. Since I had not prepared to be away from home, I have been without many items.  
It has been difficult.  Try to ask your husband to find and bring your items he has 
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never used and probably never looked at.  It has been over six years.  There were 
some successes, but there are still many voids. 

20. To escape the cell phones (especially U.S. Cellular), I went to Norway (my son 
was a student there and at that time American and Norwegian cell phones and 
carriers were different).  There I learned about radiofrequency effects and to 
how to measure frequencies using a spectrum analyzer. 

21. After a couple of months of being away, I tried to return home.  I did not feel any 
headaches.  It was thrilling to be home!  Unfortunately, in maybe 20 minutes, I 
felt the sickest I had ever been.  Rash, headache, shaking.  Was this radiation 
sickness?  I tried to visit my doctor to confirm this, but the clinic and his 
associates were too busy. 

22. At this point of re‐injury, a new symptom:  headaches when others used cell 
phones. 

23. Sadly, I cannot go home without consequences of headaches, thyroid problems, 
rash, from the cell tower.  Even a drive‐by is too much radiation. 

24. My husband and I searched remote areas in my vehicle looking for a place 
without cell phone reception.  We wanted it to be a place where Bert could sleep 
and yet be able to continue his profession on the research farm/business.  

25.  I returned to Norway with my spectrum analyzer and returned to places where I 
had experienced discomfort.  A Faraday cage at a Norwegian research facility 
was demonstrated to have a leak.  A location in a shopping mall had an 
inappropriate antenna.  In the corner of a room where I had felt better, the 
spectrum analyzer confirmed low levels of electromagnetic radiation.  One night, 
I had a throbbing headache and the spectrum analyzer measured pulsing 
frequency spikes.  I could turn off the scientific instrument, but the pounding 
headache did not go away.  I had to find protection. 

26. I learned about a community in Snowflake, Arizona where there were people 
who were electromagnetic radiation sensitive and or multiple chemical 
sensitive.  It was one alternative to being ill or to remaining homeless.  We 
traveled to Arizona, looked at other areas in Missouri, Arkansas, New Mexico, 
and especially Socorro the Very Large Array radio telescope. 

27. In Snowflake, AZ, we visited Susan Molloy.  Bert started coughing up blood not 
long after we had arrived.  We left immediately for emergency at a hospital.  By 
the time we got to emergency, the bleeding had stopped.  We continued to 
California, driving up a mountain, the coughing bleeding started again.  A trip to 
Mayo Clinic emergency diagnosed a ruptured blood vessel in Bert’s lung.  It was 
possible the higher altitudes triggered it.  It was recommended we stay near the 
clinic for a few weeks.  We used this time to explore, looking for a safe place free 
from electromagnetic radiation. 
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28. Bert found a small village and a campground surrounded by mountains.  The tiny 
population would likely discourage a cell tower.  We stayed there overnight; we 
extended our stay to three months, then to a year, then put a deposit on a park 
model for me to stay permanently. 

29. With me in Arizona and our research farm in Iowa, my husband’s only choice 
was to commute this long distance. 

30. When I lived in a remote village in Arizona, I enjoyed the many activities (even 
though I was confined to that valley).   

31. Eventually I became sensitive to electrical/magnetic fields, electrical appliances 
(coffee makers, vacuum cleaners), fluorescent lights, DC lights, ceiling fans, 
refrigerators, furnace blower motors, space heaters, electric water heaters, 
power lines, coffee makers, speakers, electrical instruments, electrical cords, 
power lines, small and large transformers.  I could not go for walks (power lines 
and peoples air conditioners), when a person in another room ran a coffee 
maker, it hurt.   I telephoned Bert and cried in pain when aircraft flew over. 

32. In less than 24 hours, I returned to Sweden and Norway once more, to escape 60 
Hz fields. Both Sweden and Norway electricity use 50 Hz. I was amazed to not 
feel pain from a coffee maker.  Two electrical things still triggered pain:  
refrigerators and fluorescent lights.   

33. I spent 3 ½ months searching for a humane place to live.  I found some cell 
towers and cell phones injured me.  Ones that did not, four days exposure, I 
developed a sensitivity to.  Much of the time, I lived in a hatchback.  I met many 
electromagnetic radiation sensitive/injured people. At one point, I reacted 
strongly to my notebook computer, that I had kept on and running nearby.  
Towards the end of the three months, I began reacting 50 Hz electrical devices. 

34. Doctors reports of my injury from electromagnetic radiation are enclosed.  
[Exhibit B] 

35. Return to United States.  My sensitivity to 60 Hz had lessened.  I try to be careful.  
I do not want to get back to that extreme sensitivity again. 

36. I returned to Arizona and continued house hunting.  When a cell phone booster 
antenna was put in nearby, the radiation sickness symptoms returned.    

37. To bring me closer to my husband in Iowa, a system was created where I could 
be in a Faraday cage (blocking radiation from the cell tower). 

38. When electrical transmission lines were installed near a Faraday cage my 
husband and friends built for me, the electromagnetic radiation emissions 
penetrated the shielding.  Again I had to leave and once more I was homeless. 
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39. I went to the radio‐quiet zone in West Virginia.  I am tired of being homeless.  
Since the research farm cannot be moved there, my husband commutes from 
Iowa.  

40. When people (tourists, visitors) bring cell phones, the electromagnetic radiation 
injures me.  When some vehicles drive by, I feel pain.  Possibly the vehicles have 
cell phones (and maybe GPS tracking emissions) which is harmful to me. 

41. I had lost hair on my legs, under my arms, and in my pubic area.  It grew back 
when I moved to Green Bank, West Virginia in the radio quiet zone. 

42. When I leave the radio‐quiet zone to where there is one or more cell towers, I get 
a rash, headache, ringing in the ears, fatigue, chest pain, diarrhea 

43. I enclose a newspaper article describing my condition. [Exhibit C] 

44. Concern:  Wi‐Fi has never been properly tested for safety. 

45. Fiber optics instead of wireless communication / emissions would satisfy many 
safety concerns.   

46. Concern:  Electromagnetic radiation is not contained, it is invisible, permeates 
through walls, is far reaching and exposure is involuntary.  It goes through 
curtains, walls, ceilings and floors.  There is increasingly no place to escape 
exposure.  Continual, persistent exposure becomes overexposure and health 
deteriorates. 

47. I do not know of anyone who chooses to be exposed to electromagnetic 
radiation. 

48. Concern:  Use of technological devices has immediate gratification.   

49. Concern:  Please provide access to meters that can log and meters that can 
report (plus the necessary antennas) to us all frequencies and amplitudes 
(power levels).  A correlation needs to be available between the immediate 
gratification of technological devices and immediate danger of invisible 
electromagnetic radiation. 

50. Concern:  Installing nationwide wireless broadband and broadband over 
powerlines has to be halted. 

51. Concern:  current Wi‐Fi needs to be turned off. 

52. Concern:  Federal regulations should not mandate technologies while 
prohibiting the raising of health concerns.  Example, if you were a manufacturer 
of a car and you knew the auto industry couldn’t be sued, would that be right for 
the public?  Example, if you were in the food industry and you knew you could 
not be sued for health reasons, how careful would the food industry be?  In the 
advancement of technology, if you were an honest and helpful company, would 
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you even consider a bill with section 704 in the telecommunications act denying 
the right to health and wellbeing?  Please rescind this bill.  To force change while 
denying assurance of safety is wrong. 

53. Electromagnetic radiation emissions are completely un‐natural and present 
exposures never before experienced by life (animal or plant) on this planet. 
There is every reason to comprehend they are harmful.  Please view and listen 
to:    

Belpomme, D., Adlkofer, F., Hardell, L., & Johansson, O. (2009). Electromagnetic 
fields on our health, Technologies sans fil: un nouvel enjeu sanitaire  
<http://www.robindestoits.org/Colloque‐au‐SENAT‐Electro‐hypersensbilite‐
EHS‐Appel‐des‐scientifiques‐europeens‐23‐03‐2009_a777.html>: Robin Des‐
Toits:  Colloque au SENAT ‐ Electro‐hypersensbilité (EHS) : VIDEO de l'appel des 
scientifiques européens ‐ 23/03/2009.  And see [Exhibit D] 

54. I have long been sensitive to wireless communication.  With the expansion of 
Wi‐Fi, my problems are increasing. 

55. Wireless internet now injures me.  Symptoms include headache.  The headache 
goes away when the emissions are turned off or I leave. 

56. I have reacted to cell towers 10 miles away.  A spectrum analyzer was used to 
verify radiation levels were present.  Wireless broadband already gives no relief 
to those suffering.   

57. Concern:  My life and the lives of others are threatened. 

58. Concern:  Don’t we have the right to life?  

59. Sometimes the pain from electromagnetic radiaion is instantaneous. 

60. Sometimes the injury may not be felt instantly.  (I describe it as similar to sun 
exposure and becoming severely sunburned, feeling it later.  When severely 
sunburned, a little bit of sun or hot water or heat from an appliance is too much) 

61. An amazingly very small amount (too little to measure) may injure. 

62. Recovery may take minutes to weeks, if the injured cells do heal.  Cells may 
remain injured (such as changes in RNA, DNA, chemistry, cell structure, or 
cancer) or die (dead cells are not cancer). [Exhibit E] 

63. New symptoms – chest pain – has appeared. 

64. When exposed to electromagnetic radiation, symptoms of mental confusion 
occur, including incorrect spelling, writing, using wrong words, problems in 
counting.  Sometimes it is painful to think.  I can forget how to move muscles to 
walk, how to write.  Sometimes I’m not sure where I am and how to open the 
shower door to get out. 
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65. I have not been able to find a hospital for medical care that will not injure me 
with electromagnetic radiation 

66. Concern:  Medical facilities present severe problems for me and other sensitive 
people.  An accident occurred; I was taken to emergency. In the X‐ray room, I 
experienced acute pain from electromagnetic radiation and said so. The medical 
staff told me that the X‐ray room was the safest place in the hospital.  They did 
not believe me. I repeated something in the room was wrong!  I had a painful 
headache likely from something in the room.  I asked to reduce delays and to get 
me out quickly.  A hospital person entered the room, heard me and remembered 
that a week earlier Nextel had installed an antenna for wireless communication 
in the X‐ray room. Here was an unplanned double‐blind study. It took days to 
recover from the likely up‐close or overexposure. 

67. When husband had triple by‐pass surgery, I was unable to be there with him as 
the electromagnetic radiation exposure in the hospital setting would have made 
me ill. 

68. Concern:  Electromagnetic radiation can distort medical tests.  The symptoms 
from electromagnetic radiation can actually confuse the proper treatment due to 
the effects from electromagnetic exposure such as Type 3 Diabetes.  

(Havas, M. (2008). Dirty electricity elevates blood sugar among electrically 
sensitive diabetics and may explain brittle diabetes. Electromagn Biol Med, 
27(2), 135‐146) 

69. Concern:  The functioning of medical personnel may be impaired by their 
exposure.  An unexpected observation/experience led to my awareness of how 
staff could be unwittingly affected by electromagnetic radiation.  My dentist and 
the assistant both commented how relaxed each felt doing the dental work (my 
tooth had broken and needed repair). They noted this comfortable/relaxed 
feeling was unusual. What was different? They had turned off all the compact 
fluorescent lights, keeping on only the incandescent operation light and the 
dentist’s LED head gear, to accommodate my electromagnetic radiation 
disability in this minor emergency. These two professionals were unaware they 
may be electromagnetic radiation sensitive, yet each noticed their health was 
better without CFL lights.  A second visit about a year later, the same response. 

70. Concern:  Doctors need to be trained to diagnose electromagnetic radiation 
injury.  We are all being exposed to electromagnetic radiation and we are getting 
incrementally weakened from electromagnetic radiation whether they know it 
or not. 

71. Concern:  Medical facilities present severe problems for me and other sensitive 
people. 

72. Where there is electromagnetic radiation, people sensitive/injured try to avoid 
exposure, they don’t go.  When I suspected I had a broken toe, I did not go to 
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emergency.  The cell towers, cell phones, fluorescent lights, computers, wireless 
communication would likely cause greater damage.  I did not obtain medical care 
when I had a red itchy eye (a person with conjunctivitis visited three days 
earlier).  I did not obtain medical care when I had a fever, a cough and a sore 
throat (it felt like when I had the mumps as a child). 

73. I did obtain medical care when I discovered a lump in my breast.  Consequences 
of hospital experience was: mammography showed no cancer, 3 days diarrhea, 5 
days tender breasts, 7 days headache. (20060804) 

74. Concern:  Accommodations are unavailable in hospitals.   

75. University of Iowa Hospital and Clinic “Absolutely no way will we be able to 
accommodate EMS people” (20070108) 

76. A facilities director at a major university hospital responded to my letter:  “Reading 
the documentation that was sent makes it clear that anyone with a sensitivity to high 
frequency electromagnetic radiation should stay far away from The University of 
Michigan Health System because we emit a lot of it between the various electronic 
systems that are in use.”  While this is a statement that acknowledges the condition, 
it makes it impossible to enter the hospital for treatment.   

77. In West Virginia I am unable to locate a hospital should there be an emergency.  
The West Virginia Institute of Occupational Medicine responded to my search for 
medical care: “I am not able to locate any medical facilities that meet your needs. I 
am sorry and hope that you have recovered from your cut.”  (20090621) 

78. To be forced to live in a Faraday cage, a shield from wireless communication that 
people cannot turn off is inhumane.  [Exhibit F]  But worse yet, deterioration of 
health, from un‐natural electromagnetic radiation is torture. 

79. This past week there was an announcement that the airlines will be installing 
Wi‐Fi in many of their aircraft.  Radiofrequency is known to cause heart 
arrhythmias in some individuals.  While this could be extremely discomforting to 
passengers, reactions to electromagnetic radiation could be potentially serious if 
a pilot were affected; the results could be tragic. 

80. Exposure symptoms include heart arrhythmias, headaches, fatigue, numbness, 
muscle spasms, rash, itching, vision changes, confusion, difficulty in multi‐
tasking, slowness in thinking, problems comprehending numbers correctly. 

81. Passenger convenience is no excuse for taking unnecessary risk.   

82. When further studies confirm the dangers of Wi‐Fi, airlines may find themselves 
liable for installing technology that put passengers lives at risk. 

83. To be unable to return home without being harmed and without anywhere to go, 
and not knowing where or when you can sleep that is safe I call homeless. 
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84. Escaping electromagnetic radiation means relinquishing comforts most 
Americans have taken for standard:  hot water, heat, access to food, running 
water, our home, friends/family, occupation, our dreams/future.  Survival is 
primary.  Conditions, in my opinion, personal experience and observation of 
others, are inhumane. 

85. People injured by electromagnetic radiation often forego technology and live in 
primitive conditions.   

86. Concern: protected zones from current technology are urgently needed. Newer 
technologies (the technologies that emit invisible dirty electricity or electro‐
smog) will create desperate situations for the sensitive and will likely affect the 
health of everyone. 

87. One convenience (that most people in the United States have and what I wanted 
but did not have) was hot running water to take a shower.  Trying to find safe 
shelter over the past few years, I have had to gathered water from a waterfall 
from snow melting, when the snow disappeared from a puddle.  When I got to a 
store (40+ miles one‐way), I bought water or filled plastic jugs or pails with 
water.  I heated the water to sponge bathe when facilities (such as a wood stove) 
were available.  Sometimes I braved asking people if I could use their shower.  A 
few people were understanding and volunteered use of their shower.  Often I 
washed outdoors (watching and listening for approaching cars).  Friends and 
family who came to visit found this intolerable and refused to use these 
primitive conditions.   

88. Concern: government agencies are not protecting me.  Economics and industry 
seems to have priority over health and life.  Don’t I have the right to life, the right 
to live without the invasion of invisible electromagnetic radiation, the right to a 
future? 

89. Concern:  exposure standards are inadequate and need to be readdressed using 
all relevant science, including the most current research which demonstrates, 
without question, the adverse effects of exposure to low levels of 
electromagnetic radiation. 

90. Electromagnetic radiation injuries/sensitivities/health effects appear to be on 
the rise and ignored by the FCC. 

91. Concern:  the number of frequencies we are exposed to is increasing. 

92. During the period when I was trying to find a safe shelter, my son felt stressed 
because his mother was homeless. 

93. I am concerned about my husband’s safety.  Bert spends many hours farming 
and doing research.  The plants do not wait for you to give them attention, 
weather has an unpredictable window.  Because the cell tower emissions injured 
me, I am not there, I cannot check on him, take him meals, run to get parts, give 
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him assistance especially when the window of good weather is closing.  Now he 
is on the farm alone, operating farm equipment.  I am very concerned. 

94. I could not make plans because I did not have security of knowing where I could 
stay or sleep.  If there was electromagnetic radiation and if it made me ill, I 
needed to find somewhere else. 

95. As a business owner, my husband needs to be at our farm.  I was a co‐owner and 
partner in our business.  Yet, I could not be there, which was frustrating and 
economically devastating.  What I had been doing in terms of management, is 
still undone. 

96. Having been injured by electromagnetic radiation has created a financial strain.  
We sold half of our income producing farm to buy a house, so hopefully I will be 
able to live humanely in the radio quiet zone.   Yet, my husband still lives in Iowa, 
because the research farm/business we built is there and it creates a financial 
strain for him to commute2000 miles round trip.  It creates a financial strain 
because I cannot help in areas that I managed.  Overexposure from the U.S. 
Cellular cell towers electromagnetic radiation emissions disabled me.  I am 
unable to be in environments that have a very small amount of electromagnetic 
radiation especially the kind from U.S. Cellular (extremely toxic, similar to a 
peanut allergy).  Hence, I cannot pursue my career and my gifts, using the 
advanced degree I worked for.  

97. Concern:  Safe areas without electromagnetic radiation are seriously needed, 
areas near family, friends; safe areas where family, friends can live, so I and 
electromagnetic radiation injured persons do not have to be excluded.  Better 
yet, the reverse, require wireless electromagnetic radiation be available inside 
phone booth like structures (keeping the emissions contained).  People can enter 
the booths and use their devices. 

98. Many normal activities present difficulties for me.  Radiation from cellular, 
wireless, and cordless devices such as phones injure many electromagnetic 
radiation sensitive people.  People have told me they experience sharp pains and 
sometimes progressive deafness.  An old‐fashioned corded telephone may be 
preferred.  Using a speaker telephone at a distance is an option for some 
electromagnetic radiation sensitive people (including me). 

99. Since cell phones, cordless telephones, and Wi‐Fi can injure me. Please 
encourage the availability of corded telephones.  I had no access to a telephone 
when I was homeless.  The removal of pay phone and wired internet access 
leaves me (and others) with extremely limited to no communication options.. 

100. I had to climb over a seemingly tall snowdrift to call to make an appointment. 
I have had to stand in rain and use the telephone while trying to protect a 
document I needed for information.  On Easter, my telephoning my family was 
scheduled.  Still living in my vehicle, they could not call me.  Standing at a cold 
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payphone was uncomfortable [Exhibit G], but was less painful and damaging 
than a cell phone.   

101. In time consuming calls, the injury increases.  I, the caller have to choose 
between the value of the telephone activity and the injury that is occurring. 

102. I already react to Wi‐Fi.  I get some protection in the radio quiet zone in West 
Virginia, but it is not perfect, there are hot spots.  Wireless broadband 
nationwide is a disaster happening.  

103. We purchased an unfinished house in West Virginia in 2007.  The interior 
was wall studs accessible for modifications for electromagnetic radiation 
protection.  Unfortunately, there is not an expert here to help us design or build 
this protection effectively which meant we have to become knowledgeable.   

104. Adaptations include putting electrical wires in conduits, burying distribution 
cable, putting electrical appliances at end of house the farthest distance away 
from living space, switch to turn off refrigerator (so I can access it).  Fluorescent 
lights were removed from the basement because the electromagnetic radiation 
permeates the ceiling (and the floor of the room above) and injures me.  I am still 
trying to solve heating in winter (either no heat or used a temporary wood stove, 
motors/fans/blowers injure me therefore no forced air nor heat pumps).   

105. To date, I know of no one knowledgeable about heating systems that are safe 
for electromagnetic radiation sensitive/injured people like me.  I am leaning 
towards radiators for the main floor and PEX floor heating for the second story.  
I do not know what to do with the always cool/cold basement, as the floor was 
already cement.  As an injured person, forced air, motors, fans, blowers, 
electrical heaters are immensely painful.  The common heat source in West 
Virginia is wood fed boilers.  I doubt I have the strength to feed the fire with 
large logs.  Trying to maintain a wood boiler during cold, snow, and rain would 
be very difficult for me.  How will I manage when my husband is gone?  He, 
himself, just had heart surgery. 

106. Comment: One of the many inconveniences that many people injured by 
electromagnetic radiation is that they have had to leave their homes and their 
own beds.  Since I left home and until May 2009, a month ago, I did not have a 
“normal” bed to sleep on.   

107. We often receive indifference, ridicule or denials of health effects when we 
contact telephone industries, businesses, manufacturers, local, state and federal 
governments pleading for protection. 

108. Concern:  Measuring devices need to be available and results visible and 
logged so both you and we can measure and log the invisible man‐generated 
electromagnetic radiation that we are exposed to. 
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109. Concern:  It would be useful for people like me if someone would publish 
electrical field amplitudes, magnetic field amplitudes, and non‐ionizing radiation 
frequencies and amplitudes on technological devices and appliances (in some 
device/appliance industries, this information is not required and hence is not 
measured), as well as the electromagnetic radiation environment in areas where 
one wishes to live. 

110. There are many other people whose health responses have repeatedly been 
associated with certain trigger sources.  Some people react seriously to 
electromagnetic radiation.  The only collection of first hand reports of 
electromagnetic radiation injured people (that I know of).  (Granlund‐Lind, R., & 
Lind, J. (2005). Black on White: Voices and Witnesses about 
Electrohypersensitivity.  The Swedish experience (J. Ganellen, Trans.). Sala, 
Sweden: Mimers Brunn Kunskapsförlaget  PDF on‐line: 
www.feb.se/feb/blackonwhite‐complete‐book.pdf.)  [Exhibit H] 

111. When electromagnetic radiation emitting devices are installed, those of us 
sensitive to electromagnetic radiation have to move, leaving our family and 
friends and abandoning hope for a future, just trying to survive by avoiding 
injury from electro‐magnetic radiation. 

112. People with electromagnetic radiation sensitivity should have the right to:  
freedom from injury; freedom from threat; a right to a future 

113. We understand that the EMR Policy Institute is preparing comments to 
submit in the current Federal Communications Commission proceeding to 
develop the policy for providing high‐speed internet service throughout the 
country ‐  FCC 09‐31, A National Broadband Plan for Our Future.  

114. The undersigned and all the persons in our household hereby designate The 
EMR Policy Institute to speak on our behalf on this FCC proceeding for the 
purpose of defending our rights to be safe in our own home, in our schools and 
our workplaces and neighborhoods from the invasion into our home, schools 
and workplaces of signals that may cause harm to us, because the FCC's current 
RF exposure guidelines are inadequate in light of the findings of current science.   
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Please consider ways to establish access to means of communication for persons 
injured by electromagnetic radiation. 

Radiation from cellular, wireless, and cordless devices injure many 
electromagnetic radiation sensitive people (radiation poison).  They may not be able to 
tolerate being a distance away because these devices are becoming far reaching.  These 
phones need to be turned off and batteries removed.  Base stations unplugged and 
batteries removed. 

Standing to talk at an outdoor payphone (a common resource):  Exposed to 
inclement weather such as in down-pouring rain is logically wet and chilling but note 
taking on soaked paper (or exposing legal documents needed at the phone for reference) 
adds another challenge 

 
The two photos showing access problems were taken Easter 2007. 

Communication with family via telephone during this special day has to be important.  
Other problems with this telephone was the telephone was frequently out-of-order.  When 
it was repaired and is working, it is used often, even in bad weather.  Access to telephone 
communication is a problem for electromagnetic sensitive persons.  Telephones hurt; it 
seems it would be obvious that communication via telephones by electromagnetic 
radiation injured people are not casual social calls. 
 
People with electromagnetic radiation injury should have the right to: 
• Freedom from injury.  Electromagnetic radiation (smog) is poisonous to people with 

electromagnetic radiation sensitivity. 
• Freedom from threat.  In addition to injury from electro-magnetic radiation, we 

received cruel condemnation when we contacted telephone industries, businesses, 
manufacturers, and local, state, federal governments pleading for protection. 

• The right for a future.   
When electromagnetic radiation emitting devices are installed, we, people with 
EMS, have to move, therefore closing our calendars and dreams, leaving our friends 
and becoming without hope for a future, just trying to survive 



ELECTRO-HYPERSENSITIVITY - THE SWEDISH EXPERIENCE

Black on White
Voices and Witnesses about electro-hypersensitivity
Rigmor Granlund-Lind and John Lind, Stockholm, Sweden

What are the triggering factors of electro-
hypersensitivity? What are the symptoms? What
provokes them? What is the role of chemicals?

Black on White is based on documents to the Council for
Work Life Research in Sweden in March 2000 from more
than 400 electro-hypersensitive people and from their rela-
tives, doctors or engineers performing field reduction.

Here people explain what started their electro-hypersen-
sitivity. They state the variety of factors giving symptoms.
In 2000, symptoms were primarily caused by computers but
to a large extent also by all electrical installations, fluores-
cent lights and low-energy lamps, cellular phones and base
stations, radio, TV, cars, trains, airplanes, copiers and den-
tal work such as removal of amalgam.

Among  the  symptoms  skin problems  top  the  list,  fol-
lowed by sensitivity to light, eye problems, problems with
the heart and blood pressure, headaches, migraines, pain in
joints  and  muscles,  dizziness,  concentration  difficulties,
nausea,  memory  disorders,  endocrine  reactions  and  many
more. Other parts of the book are concerned with the role of
chemicals, on the benefit of field reduction, on the “electro-
refugees”, on the way health care institutions and political
authorities deal with the problem.

The  percentage  of letterwriters with  higher  education
was  large  – some of them were  postgraduates  and many
were engineers – and they all had the ambition to describe
their handicap in as much detail as possible for the benefit
of future research.

 

How to order the book Black on White:
The printed version of Black on White. Voices and Witnesses about electro-hypersensitivity
(2005) is now available.

Mail address: rigmor@gustafsson.info
Telephone number: 0046 8 7451199

Price per book including postage charges:
USD 18, EUR 15
CAD 20, GBP 10

International order:
Pre-paid order by postal giro together with your full
delivery address to:
Rigmor Lind 
IBAN SE48 3000 0000 0036 1112 1645 BIC NDEASESS 

Do not forget to include you full delivery address!

Within Sweden:
100 SEK to Rigmor Lind,
postal giro 361112-1645

2005-05-10 www.feb.se




























































































































